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PEEFACE. 


Thbotjghout this work the writer’s object and desire have been to 
collect together in one volume the most useful information, with 
illustrations and discussions on every subject which it is the 
founder’s special interest to know, so that after perusal he may be 
familiar with the best modern practice in his particular art. It 
should also be stated here that, in addition, the author has 
endeavoured to make the best use of the more important matter 
and illustrations included in Spbetson’s treatise, 'Casting and 
Founding,’ the issue of which the Publishers have decided to dis¬ 
continue. The more valuable parts of that treatise have been 
carefully revised and reconstructed, to suit the general character of 
the new work, in which the various subjects are introduced to 
*the reader concisely in their natural progressive order, and in 
the most practical manner that the subject will permit 

Like all other departments of manufacture, the art of founding, 
although an eminently practical one, has lattefly been consider¬ 
ably advanced by the application of natural scilhce; and the 
founder is now dble to solve many of the more abstract and 
difficult problems which present themselves throughout his many 
and varied operations. In this work, where it has been con¬ 
sidered desirable, such chemical reactions, also the various hydro¬ 
static and mechanical principles, as are involved in foundry 
practice, are all described more or less in detail, endeavouring at 
the same time to treat these problems in the simplest possible 
way consistent with accuracy. By s^ch theoretical considerations 
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the founder is not only made to understand clearly many of those 
phenomena (otherwise difficult to explain) in ordinary practice, 
but he vrill often be enabled to foresee these, and therefore 
take such precautionary measures as may be dictated by calcu¬ 
lations, chemical analysis, etc., made with such mat'^ematical 
precision as will enable him to prevent many of the failures ]?y no 
means uncommon even in the foundries of the so-called leading 
firms of to-day. Such theoretical knowledge, however, by itself will 
be of little or no service, and can only be used to advantage when 
it supplements a thorough practical knowledge and experience 
gained by a careful study of the various causes of failures, and the 
successful remedies adopted. To do this requires a constant 
exercise of the greatest care and watchfulness at every step 
throughout the moulding process, because, if only one apparently* 
small point is overlooked among the numerous processes leading up 
to the final operation of casting, that omission (which in all likeli¬ 
hood cannot be discovered later on) may be the direct cause of the 
casting turning out defective, and even unfit for the work for 
which it was required. It is therefore broken up by the foundry 
and remelted at considerable loss in material and wages, apart from < 
the inconvenience through delay to the general progress of the 
work of the engineer. 

As it is the founder’s business to deal largely with his iron in 
the form of pigs, which he subsequently melts so that it may be con¬ 
veniently poured into moulds to form castings of every conceivable 
form, such as may be required for the various fundamental parts 
of machinery, engines, also many other useful and ornamental 
appliances, prominence is given here to those questions with regard 
to the composition of cast iron, and the characteristic properties 
produced by each element, such as, for instance, the fusibility, 
ultimate strength, toughness, etc., of cast iron generally. 

Cupola management and the subject Df cupolas generally are 
treated fully, referring in detail to the chaiticteristic changes in 
the quality of cast iron as the direct result of remelting, also the 
relations at present existing between the quantity of coke consumed 
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under the m<»t favourable actual conditions, and the quantity of 
fuel shown to be necessary by theoretical considerations. 

Gaseous fuel by its increased importance in modern founding 
calls for the detailed particulars given regarding the production 
from coke and coal, its subsequent combustion and comparative 
eflBciency relative to the use of coal when burnt direct as in 
ordidhry foundry stove work. 

The composition and properties of the various materials used 
in the foundry, including sand, loam, blacking, etc., are treated 
here fully from a thoroughly practical point of view, in addition to 
many theoretical observations which will be found of considerable 
value. 

An attera 2 )t has also been made to generalise the various charges 
, representing the cost of production under ordinary conditions, 
with due regard to the differences in the amount of labour required, 
also the particular process of moulding adopted. The various items 
are here classified under six different heads, in order that some one 
of these may always be found which will represent approximately 
these items of cost for any particular casting. 

It may be thought by some that these tabulated values are some¬ 
what arbitrary and insufficiently accurate for the purpose; so we 
must explain that it is only proposed to use these results and 
values for readily estimating approximately the value of castings 
generally, the more elaborate treatment of this important subject 
being considered quite outside the scope of the present work. 

The writer desires here to acknowledge the assistance received 
from many personal friends and other authorities referred to 
throughout this work, and to these gentlemen are due our best 
thanks. 


JOHN SHARP. 
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CHAPTER I. 

PIG iron: its CHARiCTERISTIOS AND MIXTURES. 

Iron, to be suitable for foundry purposes, must have the property 
of being readily reduced to such a liquid state that will permit of 
its being carried in ladles to a reasonable distance, and still be 
sufEciently liquid as to run into and occupy the most miuuto 
spaces in a mould, so that it may be possible to produce castings 
of the most intricate forms conceivable—as, for instance, the various 
parts of engines, machinery, and also the more highly ornamental 
iron castings adopted in structural ironwork generally. 

Such iron compounds, now so well known as cast or pig iron, 
it should be pointed out here, are comparatively modern products 
when compared with the purer and more malleable qualities of 
iron capable of being welded together, drawn out and shaped under 
the hammer when raised to a suitable red or white heat, as in 
ordinary smith-shop practice. That the latter malleable qualities 
sliould have been the only products from the early smelters was 
due naturally to the primitive methods then adopted, and practised 
more recently at Catalonia, in Spain, the furnace and general 
procedure in the latter instance being here illustrated in Fig. 1, 
and known as the “Catalan process.” The quality of iron pro¬ 
duced in the manner illustrated varied even in the same mass {as 
it left the furnace) from soft to steely iron, owing to the want of 
unifonnity in the decarbonising effects of the air blast, along with 
that of the oxide of iron present in the slag and ground iron ore 
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whicli forms the bottom of the furnace referred to, all of which, it 
will be seen, acted more directly on the surface of the mass of iron 
towards the end of the process. 

As the demand for iron manufactures increased, smelters began 
to enlarge the dimensions of their furnaces throughout. The iron 
ores, too, which previously might not have been considered quite 
pure, nor rich enough, were now being used, with the resujt that 
accidentally now and then a highly liquid quality of iron was 
produced, by reason of the higher percentage of carbon, silicon, 
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and other elements the iron contained, which liquid iron for n 
long time was considered even worse than useless, by its having 
to be run ofl[‘ in the same manner as the slag, until later on it was 
observed that, by subj(*cling it to the innuence of air directed 
through it, or by stirring the liquid metal so as to expose its in¬ 
terior as much as possible to the direct influence of an oxidising 
atmosphere (us now practised in the well known puddling process), 
the metal became thickened, due to the removal of the previously 
combined carbon so as to leave the iron comparatively pure and 
malleabla. 
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Now that tlio liquid metal could be further treated favourably, 
and its production hud become more genei’a], it seems natural that 
some one should have suggested the direct use of this liquid form 
of metal by casting it into moulds, which could be rmdily formed 
in the earthen floor-space near the furnace. 

^J’he’ earliest efforts in the direction just indicated, and appa¬ 
rently Jthose marking the introduction of iron foundry practice 
generally, are some simple iron eastings, in the form of chimney 
backs and grave slabs, unearthed in the south of England, on which 
the ytar 1550,* cast on, serves to indicate clearly the date of their 
origin. 

Later on, in 1505, we have evidence of a considerable develop¬ 
ment in the art of iron founding, as in this year cast-iron cannons 
'were being produced, weighing up to tliree tons efieh. And again, 
in 1085, we find that the first cast-iron pipes were made and 
adopted for the Marseilles water supply. 

This latter date, it will be observed, marks the beginning of one 
of the most important of the many and vaiied branches of iron 
founding in our own dav. 

O w 

Cast iron, or carbide of iron, which was considered by the e;irly 
smelters as useless, has now, by later experience, turned out to 
be the most desirable product directly reduced from the iron ores. 
For convenience in handling this metal, it is run dii’ect from the 
blast furnace, and cast in open sand-moulds into long bars or pigs, 
of D-shaped section, each weighing about one hundredweight, or 
roughly speaking, twenty pigs to the ton. The remarkable changes 
in the quality of metal which can be produced by slightly different 
treatment of pig iron are of the utmost importance and utility— 
sucli as, for instance, the conversion ot pig iron into steel direct 
by the Bessemer process, the power of ol»i{ining from the same 
cast iron either a soft, flexible, or elastic steel, or one so hard and 
brittle that nothing softer than corundum or a diamond will cut 
into it for any length of time. »Such extraordinary variations in 
the quality of metal produced are chiefly obtained by varying 
the proportions of carbon retained in combination with the iron. 
'J’lius we have, on the one hand, malleable iron, when the amount 
of carbon retained is reduced to a minimum, and, on the other, we 

* See article in ‘ Eiiginecria",* April 20, 18!>7. 
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have cast or foundry iron containing the maximum percentage 
of carbon in combination with iron; while between these two 
extreme conditions or qualities of metal there are the various 
qualities of'steel, the different properties of which are chiefly 
dependent on the amount of carbon present. So much so, that 
the quality of steel to be supplied is often indicated in specifi¬ 
cations by a statement of the percentage of carbon required; 
so-called mild steel being simply that quality in which the carbon 
present is reduced to a minimum, and in which case the metal 
resembles in character that of puddled iron, but, on account of the 
steel producing methods of production, it is more homogeneous in 
quality; otherwise it might be termed malleable iron. 

The hardness of cast iron may itself also bo affected consider¬ 
ably, by merely altering the rapidity or rate at which it is allowed 
to cool down from the liquid to the solid or normal condition; by 
such variations it can be made to foim hard white, chilled, or soft 
grey castings (the latter of which can be turned and bored 
almost as easily as brass, and is therefore that quality desired for 
general casting requiring to be Jifterwards machined). 

Cast iron is a granular and crystalline compound of iron and 
carbon, more or less mixed with uncombined carbon in the form of 
graphite, but never containing more than 5 per cent. It is harder 
tliau pure iron, more brittle, and not so tougli, and is obtained bv 
the direct reduction of iron ores in the blast furnace. The modes 
of combination of the carbon with the metal, as well as the nature 
and proportion of foreign matters, such as silicon, alumina, sulphur, 
phosphorus and manganese, determine the infinitely varying quali¬ 
ties relating to its colour, degree of fusibility, hardness, tenacity, 
and so on. 

In practice the difierent varieties of cast iron when in the ])ig, 
that is, as they are sent from the smelting furnace, are distinguished 
by the colour and general appearance shown by newly broken 
surfaces; these exhibit every variation from dark grey to dead 
bard white. 

All cast irons are not available for foundry purposes; those 
preferred are irons which become sufficiently fluid upon fusion to 
fill every part of the moulds into which they are poured; and also 
shrink hut sliglitly upon cooling; such castings, once in a solid 
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state, should admit of easy manipulatiou, aud, whilst satisfying 
these conditions, possess sufficient strerji'lh for tlie purpose to 
which they are to be applied. These diilerent qualities are found 
combined in a higher degree in grey east iron than in white irojis, 
aud the fo«mer are therefore most generally used for Ibuudry work. 

Pio Ibun Fuaotuuks. 



Wliite Iron. 


Grey iron merges into white iron by imperceptible degrees, and 
in some irons the two are clearly developed in the fracture of one 
and the same pig; it is then called mottled iron, and this is fre¬ 
quently of great strength. Some seven or eight classes may be 
found running from clear white at the one extreme to dense grey 
at the other, and in order to represent more clearly the structural 
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tliflferences to be observed at tbe fracture of different grades of pig 
iron, the foregoing illustrations of pig iron fractures have been 
selected as typical. 

Nos. 1 and 4 pig shown, represent as nearly as possible the 
actual grain of the highest and lowest grades of fouiidpy iron, the 
characteristic appearance of white pig iron being also shown. 

Although in each example the outline or size of section has 
been reduced, the grain represented is almost actual size. As 
already stated, ail grades of pig iron are not suitable for foundry 
purposes, so that they have been classed under two heads, viz, 
foundry and forge pig, the foundry pig being divided into four 
grades, and known as Noo. 1, 2, 3 and 4 pig iron; the forge 
pig including tbe mottled and white iron. 

There is still another grade of forge pig between the two jnst 
named, the characteristic appearance of which is that a portion of 
its fracture at the centre is mottled, while the remainder towards 
the outside is entirely white. 

In white cast iron the greater part of the carbon is ])resent in 
the form of a chemical combination, carbide of iron, whilst in grey 
cast iron the carbon is mechanically interspersed in small black 
specks amongst the lighter coloured particles of metal, tbe fra<‘.tiiru 
being of a dark grey colour, and being of a granular or scaly 
crystalline character. (;!rey east iron is much softer and tongluT 
than white iron, and may be filed or turned; whilst white iron is 
very brittle, and can neither be turned in a lathe nor filed. 

These qualities may be altered to a certain extent, as by casting 
grey iron in thick iron moulds, or chills, it becomes almost as hard 
as steel; but this change takes place only at the surface, the inside 
of the casting still retaining its grey colour. If it is desired to soften 
a casting which is too hard to be turned or bored, this can be done 
by heating the casting for several hours in a mixture of bonc-ash 
and coal-dust, or^dn common sand, and allowing it to cool slowly 
whilst still imbedded in these bad heat-conducting materials. 

Grey cast iron requires a higher degree of heat before it com¬ 
mences to fuse, but becomes very liquid at a sufficiently high 
temperature, so as easily to be run into moulds. 

White cast iron is not so well adapted for casting, as it does 
not flow well; it is rather pcasty in consistence, and scintillates 
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as it flows from the furnace to a much greater extent than grey 
iron, and is excessively hard and brittle. 

'I’his quality of iron is obtained by using a low temperature and 
a small quantity of fuel in the blast furnace. It i^ a homoge- 
iieous chemical compound of iron with from 2 to 4 per cent, of 
csirbon, and is well suited for forge purposes, to which it is generally 
applied^ 

Orunular cast iron can be converted into grey cast iron by 
fusion and slowly cooling; whilst grey cast iron can be converted 
into granular white cast iron by fusion and suddenly cooling. 

Crystalline white cast iron is harder and more brittle than the 
granular, and is not capable of bein§ converted into grey cast iron. 
This variety is too brittle for use in machinery. 

No. 1 pig contains the largest proportion of graphite; it is 
distinguished in appearance by great smoothness on the surface 
of the pig, produces the finest and most accurate castings, but 
is deficient in hardness and strength, in which it is inferior to 
Nos. 2 and 3. 

It is indeed charged with carbon to excess, and, when turned, 
free carbon may he observed flying off like powder. The crystals 
lire large, extending over the entire fractured surface, which shows 
a characteristic blue-grey colour and coarse grain- When broken, 
the pig docs not ring, hut falls asunder with a dull leaden sound, 
and it usually breaks very evenly, showing but little tenacity. 
When fluid, it is marked by a notable absence of either sparks or 
sfilashes. The surface is dark and sluggish, and as it cools it 
becomes covered with a thick scum, which is a source of much 
waste. Used very hot, as when melted in a crucible and air 
furnace, it is so fluid that it will run into the finest and most 
delicate moulds. This property, as already remarked, peculiarly 
adapts No. 1 foundry pig for the pui-pose of small thin and orna¬ 
mental castings, and anything that requires a minute adaptation of 
the metal to the mould. ^ No. 1 is not often employed by itself, but 
commonly as an admixture with scrap. 

No. 2 pigi which is lighter in shade than No. 1, is finer in grain, 
not so soft, is not so fluid when melted, nor the skin of the pig 
so smooth. Being closer grained and more regular in the fracture, 
it is more tenacious, and, while capable of being easily turned and 
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polisLed, being harder and stronger than No. 1, it is preferred for 
strong ornamental castings. Melted, it is seen to be of a clear 
reddish-whit^ colour, splashing little when poured into the ladle. 
There is a scum and a sluggish flow, but not to the same extent as 
with No. 1. When being run into the mould, it breulw over the 
edge of the ladle in large sheets, leaving behind them long narrow 
lines running from side to side. As the iron cools, these liiilsopen 
in various directions until the surface is in lively motion, lines 
intersecting each other in every direction. This activity continues 
until the surface becomes stiff or pasty, but, on removing this 
covering, these lines are again leen flitting over the surface. 

No, 3 fig is the most extensively used foundry iron, owing to 
its being a medium between the extremes, which can therefore l^e 
used for a variety of purposes. It has less carbon than the other 
two kinds, and possesses less fluidity when melted; it is also moNj 
minutely grained, and smoother in the fracture than No. 2. The 
broken surface shows a slightly mottled appearance at the margin, 
while at the centre there is a regular arrangement of smaller 
crystals comparatively compact and dense. As it flows into the 
ladles there is a display of sparks flying in various directions, and 
an absence of scum, the surface being clean. Figures are slightly 
visible at surface, but are small, and pass off entirely as the metal 
cools. It possesses a greater degree of toughness, as well as hard¬ 
ness, and turns out strong, durable castings ; it is therefore selected 
for parts liable to great and sudden strains, and exposed to constant 
wear and tear—tram plates, for example, heavy shafts, wheels, 
and ordinary steam cylinders, where large quantities of scrap are 
available. It is the opinion of many founders that a considerable 
advantage can be gained by a liberal use of No. 3 in conjunction 
with a smaller mixture of good soft pig iron. 

No. 4 foundry iron, as it is called, when fractured, is more or 
less mottled, with a whitish glossy appearance. The pig is difficult 
to break, and the fracture uneven, indicating a considerable amount 
of tenacity. When melted very hot it has a clean, glowing surface, 
and as it is poured it throws out showers of sparks in all directions, 
which continue to brenk into small particles, and fuse during their 
flight. This phenonn-non is peculiar to this description of iron, 
but may be observed with other irons which have been very much 
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exposed, and oxidised by the atmosphere. While still in a melted 
state a constant succession of small globules rise to the surface, these 
expanding gradually and seeming to merge by degrees into the 
molten mass, being replaced contihlbilly while the iron remaius 
fluid. On cooling, the surface is found covered by thin scales of 
oxide. No. 4 will be found applicable to very heavy castings, such 
as girders, bed plates, engine beams, plain columns, and the like, 
especially where there is little after machine manipulation neces¬ 
sary. It is obviously ill adapted for light casting, as its density 
renders it unsuitable for filling delicate moulds. The purely 
white irons are entirely unsuitable for foundry purposes, and are 
therefore beyond our consideration here. 

The following remarks upon some points which we have 
already treated of, may aid in roughly estimating the quality of a 
cast iron. 

When the colour is a uniform dark grey, the iron is tough, 
provided there be also high metallic lustre; but if there be no 
metallic lustre the iron will be more easily crumbled than in the 
former case. The weakest sort of cast iron is where the fracture 
is of a dark colour, mottled, and without lustre. 

The iron may be accounted hard, tenacious and stiff when the 
colour of the fracture is lightish grey, with a high metallic lustre. 

When the colour is light grey, without metallic lustre, the iron 
is hard and brittle. 

When the colour is dull white, the iron is still more hard and 
brittle than in the last case. 

When the fracture is greyish white, interspersed with small 
radiating crystals, the iron is of the extreme degree of hardness and 
brittleness. 

When cast iron is dissolved in Tnuriate of lime or muriate of 
magnesia, the specific gravity is reduced to 2* 165; most of the iron 
is removed, and the remainder consists of graphite with the impu¬ 
rities of cast iron. A similar change takes place when weaver's 
paste is applied to iron cylinders. Sea-water, when applied for a 
considerable time, iias the same effect. It takes much longer to 
saturate white cast iron than to affect grey. The soft grey iron 
yields easily to the file after the outer crust has been removed, and 
in a cold state is slightly malleable. 
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We may state also that the quality of iron in a melted state is 
readily judged of by a practised eye from the nature of the agitated 
aspect of its surface. The mass of fluid seems to undergo a circu¬ 
lation within itself, having tTO appearance of ever varying network. 
When this network is minutely subdivided, it indicates soft iron. 
If, on the contrary, the iron bo thrown up in large convolutions, 
the quality of the metal must be hard. • 

There are many individual exceptions to the ordinary classifi¬ 
cation of pig iron, which, although a matter of great convenience, 
is so far artificial, inasmuch as iron varies in quality, measured by 
the minuteness of the grain and foreign admixtures, by minute 
Graduations between the two extremes. Considerable latitude is 
therefore allowed in the classification of pig iron. 

‘'Scrap,’* or the broken-up fragments of every conceivable 
article which cast iron is employed to make, is as variable in copi- 
j)Osition as can well be imagined. A general characteristic is that 
it can be melted with less fuel, as it is deficient in the thick silioious 
skin which usually covers the pig, and more can be melted in a 
given time, as the silica necessitates a liberal use of limestone or 
some other flux, by which course damage frequently occurs to the 
lining of the cupola. It should be observed that “scrap” has 
become altered from its original composition as often as it has Ikjcu 
remeltcd, and hence its common daily use as an addition to soft 
pig. in order to confer u[)on the latter greater hardness and cloficr 
grain. It is a mistake, however, to suppose that a casting made 
with fine-grained scrap will have a finer grain than that of the 
pig employed to make it, for it is obvious from a slight considera¬ 
tion of the laws of crystallisation, alluded to at page 67, that 
the fineness of the grain, that is, of the crystals in a finished 
casting, materially depends up‘on its size and the rate at which 
it cools. 

The properties and general characteristics of the various grades 
of pig iron just described, constitute in many instances the founder’s 
only guide in forming some ideas of the physical properties of 
the various kinds of pig iron at his disposal, the proper judgment 
of which is of the utmost importance, as shown by the many 
castings condemned from time to time as unfit, not because of any 
apparent flaw or defect such as might occur through defective 
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moulding, but on ncconnt of the metal being unable to stand the 
specified physical tests. 

The particulars of fracture referred to, although assisting the 
founder to some extent in detecting some of the more outstanding 
properties <jf cast metal, cannot be relied upon, owing to the 
fact that the appearance of fracture varies considerably, even 
where qjiemical analysis has shown that the composition is the 
same exactly. Accordingly we find that within these last few 
years quite a number of iron founders, desirous of carrying on 
their work with greater certainty of success, are now system¬ 
atically making analyses of suitable samples of all the pig iron 
delivered at their works, in order to have such data as will enable 
tliem to mix their iron so as to produce desired results with a 
degree' of certainty otherwise iinpo8.-^ible. 

^ Others, again, who thoroughly appreciate the importance of a 
knowl(‘dge of composition, are content with their method of pur- 
cliasing the pig iron with a guarantee as to its composition from 
the makers. 

I’liere will nevertlwdcss always be a considerable number of 
fouTulors producing castings which do not demand such accuracy 
as regards the quality of metal, and for which only low-grade 
iron is used. But even in such cases, especially when large 
quantities of dujdicato casting-s are turned out daily, a know¬ 
ledge of the com{' 0 'ition of tho iron a^ailable would be the 
means of preventing many of the losses which frequently occur 
from the use of unsuitable mclal, insJead of the more common 
j)ractice of endeavouring to cure after serious loss has been 
incurred. 

1’he hitter and more common methods of trial and error, 
aided hy the appearance of fracture, &c., with a view to pre¬ 
venting further loss, often re.sult in a considerable proportion 
of the day’s cast turning out bad before tlie faults have Veen 
(diecked or removed. AH' this proves of how little service is tho 
fracture of a pig in determining its properties, although there are 
many pretentious individuals-who claim to have suflicient skill to 
do so. 

Tables Nos. 1, 2, 3, 4 and 6 will here be foundi of special 
interest and value, hy giving tho complete analysis of a number 
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of well known brands of pig iron being extensively need at Lome 
and abroad. By these tables it will also be observed in what 
respects the various grades of iron differ as regards their com¬ 
position. * 


Pig Ikon Analysis. 


Table I.-SCOTCH PIG IRON. 


Maker. 

Wm. Baikd Asn Co. 

Brand. 

Fgllngtou. 

Uartsiherrle. 

Grade. 

1 

3 

4 

1 

3 

4 

IroTi • • «• • • 

• • 

90 •.'18 

91-00 

92-30 

92-285 

92-765 

93-4.5 

Grapljitic Carbuu 

0 0 

3-05 

2-96 

2-00 

8-10 

2-85 

2--20 

Conibiuud „ 

0 0 

0*63 

1-07 

0 88 

0-25 

0*50 

0-90 

Silicon .. .. 

00 

2-84 

2-10 

1-40 

2-45 

2-00 

1 • ('■.> 

Sulphur .. •• 

00 

004 

0-00 

0-08 

0-015 

O-O:!.’) 

0-09 

PbohpihoruB .. 

0 k 

0-95 

0-98 

1-00 

0-75 

0-75 

0-76 

Monganede 

• • 

2*11 

1-83 

1-74 

1*15 

1-10 

0*95 

Maker. 


— 

* 

— 

Brand. 

Summerlee. 

. .. 

Dalineltiiigiiin, 

Grade. 

■BH 

2 

3 

1 


Iron. 

• • 


HHHI 

91 524 

91-14 

• • 


Graphitjp Carbon 

• • 



3-49 

2-80 

• • 

• • 

Combined „ 



• • 

0-27 

0 63 


• • 

Silicon 

« • 

2-85 

00 

2-78 

2-93 


• • 

Sulpihiir .. 

• • 

trace 

00 

0-0117 

0-03 


• « 

Pho>i)liorua 

• • 

0-911 

00 

0-859 

1-25 


t • 

Mangauube .. 

• • 

1-08 

00 

1-010 

1-22 

•• 

• • 


Maker. 

Mebrt and 

CUKKINOIIAUB. 

COI.TNE.<« 

JltON Ou. 

Carron (k>. 

Brand. 

Carubroe. 

Coltness. 

Carron. 

Grade. 

1 

8 

4 

1 

2 

3 

1 

2 

3 

Iron. 

90-556 

91-223 


• • 

• • 

91-796 


92-311 

Graphitic Carbon 


3-550 



• • 

• • 

3-505 


3-192 

Combined „ 

0-07 

0-090 



• • 

• • 

0-125 


0-266 

Silicon . 

3-29 

2-87 

1-61 


• • 

« • 

2-438 


2-158 

Sulphur. 

0-034 

0-037 

0-064 


• • 



a • 

0-114 

PlioephoruB .. .. 

0-96 

1-08. 



• • 


1-088 


1-130 

Maugauesti .. .. 

1-19 

1-15 

0 810 

1-580 


* a 

1-015 

.. 

0-799 

« 









































ooai POSITION OP pio moN, 


]r. 


Table H.—ENGLISH PIG IRON. 



W. It. SAMt;Ki.80N & Ca, Lm. 

B 01 .CKOW VAroiiAK <kii 

Brand. 

B. S. Newport. 


Clov^and. 


Grade. 

1 

a 

4 

1 

S 

Foundry. 

Iron .. 

•• 

91 Ot 

91*83 

92-12 

90-96 

91-3.5 

91 -9.) 

Cm])hitip Carbon 

(^iinbiui-<4 „ 

• • 

3-20 

3*00 

2-90 

S-oO 

3-.30 

3-1.5 

• • 

0‘20 

0-35 

0*45 

truce 

015 

0-2.5 

Siliwn 

• • 

.3-30 

2-80 

2*50 

3 30 

3-00 

2-60 

Siilpbiir .. 

• • 

0-01 

o-ot 

0-10 

0-03 

0-05 

0-10 

Pluisplioriis 

• ■ 

1-50 

1*4G 

1-48 

l-.n 

1-50 

1-50 

Man;;uU('He 

• • 

0-75 

0-52 

0*45 

0-70 

0-G5 

0-55 

Maker. 

Deli, linos., Ltd. 

— 

Brand. 

Clarence. 

Skiniiin grove. 

Grade. 


1 

3 

4 

1 

s 

No. ♦ 







Foundry. 

Ir(fh. 

• • 

91-059 

91-805 

92-644 

91-003 

91-802 

92-424 

Graphitic Carbon 

«• 

2-7S 

2-91 

2-90 

8-35 

3-020 

2-970 

Combined „ 

• • 


0-38 

0-30 

truce 

truce 

0 190 

Silicon .. ,, 

• • 

2-91 

2-70 

2-02 

3-26 

2-9.’j0 

2-3.50 

Sulphur .. ,, 

• • 

0-031 

0-037 

0-076 

0-007 

0-01)8 

0-0.56 

Phosplinrns .. 

• • 

l-oO 

1-04 

1-50 

1-710 

1-530 

1-531 

Idaugaiicse 

• • 

0-60 

0-53 

0-56 

0*610 

0-600 

0-480 


Tabi.e HI.—cold blast PIG IRON. 


Makc'i. 


M. V\ 

'. CllA/Eni(OCK. 


1 

Hl.AINAtOK. 

Brand. 

Cold Blast Mine I'ig. 

Olaenavon. 

(iTOdl-. 

Hi 

2 

3 

4 

a 


8 

4 


6 

Iron. 

.. 



• « 


.. 

•« 


• • 




Grapbitic Carlion .. 

3-07 

3-04 

3 12 

.3-03 

2-81 

1 

•55 

1-50 

2-.30 

Combined „ 

, . 


,, 

.. 


, , 



•30 

0-29 

0-63 

Silicon . 

1-48 

1 

27 

1-16 

0-83 


1 

■14 

1-1 

> 

1-02 

Snipliitr. 

0-0.3 

()• 

04 

0-05 

0-04 


0-09 


0-09 

Pli()Bphoru.s .. 

0 43 

0 

:’.4 

0-44 

0-81 

0-29 

0-38 


iiKn 

Maugaiicse 

0-96 

0- 

80 

0-94 

0-27 



• • 

.. 



Maker. 


C:0[.l>hNUA1.]t. 


Madku.vwuoii. 

Brand. 

Goldeiidale. 

Ma»1‘4eyw«od. 

Grade. 


2 

a 

1 

a 

3 

Tmii .. .. 



a 


99 

• « 


92* 

137 

92-i:-^5 

Graphitic Carbon .. 



a 



99 


•‘i 

170 


2-920 

Combined „ 



. 


• 9 



0 * 

:.or» 


0-570 

Silic.on . 

2-16 


a 


99 

99 


1 - 

471 


1-294 

Sulphur. 

0-04 


9 


99 

99 


0 - 

047 


0*0.53 

Pbospliorua 

0-85 


9 


9 9 

9 • 


0-403 


0*482 

Mtingtine^e 

0-63 


• 


• a 

• e 


1 - 

7.56 


1*575 
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Table IV.— SPECIAL BRANDS OF PIG IPtON. 


Maker. 

Doclais Iron Works. 

Bot.OKOW VArOllAN f'o. 

AT..\nAMA. 

Branii. 

Beeiiemer. 

— 


For^e I’ijr. 

Orude. 

1 

2 

3 

Forgo, 

Motticil. 

VVliitc. 

Grey. 

Mottled. 

Iron. 



• • 

92-44 

93-00 

94-OOP 


.. 

G rapliitic Caiboa .. 

a-40 


• • 

3-00 

1-50 

tra'-o 

• • 

• . 

0)tMl)intid „ .. 

0-307 



0-40 

1-50 

300 

• • 

• • 

BiUnm .. .. .. 

2-50 


HI9 

2-00 

1-20 

0-80 

0--* 

0<i9 

Siilpliiir. 

0-05 


H 

0-15 

0-2.5 

0-:{5 

o-on 

0 115 

Piiosplioras .. .. 




1 -51 

1'50 

1-50 

0-71-2 

0-7.;3 

Miiu^aueae .. 

0-!)0 

HI 

H 

0-5.) 

0-45 

o-:i3 

0-27 

o-;{3 


Table V.-ALABAMA PIG IBON, U.S.A, 


Maker. 

Woodstock KouNuur I’lo Iron. 

Brand. 

— 

_ 

— 

Urada. 

No. 1 Siruug Foundry. 

No, 1 Scotch 
WiRKistth'k. 

No, 4 Foundry, 

Inn. 

Graphitic Carbon .. 
Combined „ .. 

Silicon . 

Sulphur .. .. .. 

Phosplionis .. •• 

Miiugaucso .• .. 

3-3t to 3-50 
0-42 „ - 
1-75 „ 2-75 
0-02 „ 0-03 
0-50 „ 0-75 
0-80 „ 0-95 

3-50 to — 
0-20 „ 0-24 
8-.')l) _ 

002 „ 0-03 
O-.'tO „ 

0-83 „ 0-85 

• 

3 00 to — 
0-.5I) „ — 

1-20 „ 1-1)0 
0-03 „ 0-01 
0-45 „ 

O-IJO „ 0-80 


For such valuable details and pafticulars we are indebicd in 
many instances to the makers themselves, in which ^-ases th(j 
analyses are certitied as characteristic of the results obtained from 
repeated tests. Where such particulars were not obtainable from 
the makers themselves or by direct analysis, it was then necessary 
to fall back on the next most authentic source of information 
available In no case, however, can we expect these pig iron 
analyses to do anything more than indicate some of the more out¬ 
standing features of the various brands mentioned. And, indeed, 
that is all that is necessary for our purpose here. Anyone de¬ 
siring to follow the characteristics of any of the brands mentioned, 
for direct practical reasons, would find it more reliable to make a 
private analysis of the different brands he may he interested in. 

Ha\ing in tlie foregoing given the composition of a number of 
well known brands of Engli.sh and Scotch foundry pig iron, it 
will now be of special interest to note the following characteristic 
differences in the composition of different grades of pig iron 
classified under the various heads mentioned in Table VI. 
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Table VI. 



inch 

or Uiirnt 
Iron. 

1 Fouiiilry Tig. j 

Forge 

l*i«. 

Jruti Chill 
CaHtiiige. 

Steel arirl Steel 

CiiHl < 11)18 


No. 1. 

No. 3. 

No. 4. 

Mottl< li 

1 

^Vhite.1 

UeiiiiitiU' I'ig. 

Irf»n .. 

9 d *-13 

91*22 

92*33 

93 * 08 i 

i 91*60 

! 1.0 * 5.7 

' 93*43 

C<nl)(Mi, (M)ml)iiu'il i 
lliirlxjii, Graj>hilii; j 

3*72 

3*50 

3*15 

2 * 98 ; 

1 

, 2*60 

• 2*43 

j 3*70 

Siliciin 

Sulphur 

2*82 1 

2*40 

1*90 

1 - 60 ] 

0*80 

0*30 

2*60 

001 1 

0*02 

0*01 

0 * 0.5 

0*23 

0*3.0 

002 

Phuspliorus .. 

0-80 1 

0-80 

0-88 

0 * 89 , 

0 * 9*2 

0*97 

j 0 0.0 

Maiigaiio^ie .. 

2*10 ! 

200 

1*71 


0 * 8 .') 

, 0*40 

0-20 


100 00 

!ioo*oo 100*00 

1 1 

1 100 * 00 ; 100 * 00100 * 00 ; 10<>*00 

1 1 ' 1 


It will now be readily understood bow that pig irons of widely 
clifiTercnt composition, some of which, by themselves, are considered 
quite useless, may now be used in such proportions with otheis of 
very different composition to produce castings of a pre-determined 
composition which shall have certain physical properties desired. 

In making a choice of pig iron from analysis, for the purpose 
of mixing with other known grades, it is, of course, necessary to 
understand the relative influeice of each element separately on the 
piiysical properties of east iron. Taking each element in the order 
adopted in the foregoing tables of analysis, we have the following. 

Ivon .—The fundamental element in pig iron, by reason of the 
increased proportion of the other elements, is always the lowest iu 
high grades, gradually increasing in the lower grades, until in 
white iron it has reached the maximum of 94 per cent. 

In foundry grades the tables show the following varititions:— 

No. 1 grudo.s foiitam an average of i)l ‘13f) per cent, pare iroti. 

No. 4 „ „ 9^523 

Showing H differonoe „ 1*384 „ . 

Tlie state or condition in which iron is found in pig iron varies. 
In the No. 1 grades the crystalline form has obtained the maximum 
dimensions, as represented in No. 1 grade, p. 4, also Fig. 22, p. 5i>. 

In these high grades the crystals may be removed lor ex¬ 
amination, and when tested are found to resemble malleable iron as 
regards softness and toughness, which properties they impart to the 
higher grades, and especially to the No. 1 pig. 

It is sometimes stated that these crystals are approximately 
pure iron; this, however, is somewliat misleading, considering that 
the important cliffeiLiico between the higher and lower grades is 


inyltr 
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in tte proportion of carbide of iron, the amount of which in the 
highest, or No. 1, grades may be so small that it is difficult even 
to find a ^ace; the whole of the carbon present in which will 
be found to exist in the form of graphite or free carbon; the other 
various elements being retained in combination with tiie iron as it 
exists in the crystalline formation referred to. The characteristic 
softness must therefore be due to its freedom from carl^on, the 
latter always tending to harden iron when chemically combined 
with it to form carbide of iron. Generally speaking tlie effect of 
carbon to harden iron when combined with it, is much greater than 
that of any of the other elements present in pig iron, or indeed the 
whole of them together. » 

Carbon, the presence and condition of which plays a most 
important part in the production of the various characteristics of 
pig iron, is derived from the fuel during the smelting process in t^ie 
blast furnace. It exists, as is seen by the tables, in two distinct con¬ 
ditions, viz., the graphitic and combined stata In some analyses, 
however, the total carbon only is stated; this will depend on tlie 
purpose for which the analyses are made. The maximum total 
carbon which foundry iron is capable of absorbing is from 4| to 5 
per cent., the whole of which is understood to l)e combined or in 
chemical union with the metal when in a molten state. That 
portion which, when the metal is solid and at normal temperatures, 
has become separated in the form of graphitic carbon, must have 
changed its condition and separated at some period of the cooling 
process. (Further reference to this will be made under the head of 
Expansion of Cast Iron, pages 26 to 60.) 

As indicating the relative proportions of the two conditions of 
carbon existing in the different grades of pig iron, we have the 
following abstract from the analyses given in the tables:— 


No. 1 Carubroe {fraphitic caibon .. 


s= 3’90 per cent. 


„ coiuinucd „ 

• • 

sr *117 

t» 


,, total „ .. 


= 3-97 

H 

maximum. 

No. 4 Gartsshorrie frrupliitic carbon 

•• 

= 2-20 

ft 


„ combined „ 

• • 

s= -90 



,, Total „ 

•• 

“ 310 

tf 

minimum. 

White pig iron grajiliitio carbon 

ee 

= IrHce 



„ combined „ •• 

• • 

= 3-()0 = 

Total 
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Graphitic carbon is the condition of carbon as it exists in pig 
iron when not in chemical union. In No. 1 grades the amount of 
carbon set free has reached the highest degree, leaving sometimes 
only as much as may be represented by a trace combined. 

7'he pres<mce of graphitic carboijL is easily distinguished on 
account of its mirror-like appearance, represented in No. 1 pig, 
page 5, o§ it adheres in flaUes or scales to the innumerable sur¬ 
faces of the various crystals of iron exposed at the fracture of 
any high-grade pig irou. That this carbon is free, and not chemi¬ 
cally combined with tjie iron, is readily shown at least to some 
extent by reducing a portion of such pig iron to a coarse powder. 
By simply handling the powdered iron the fingers will become quite 
black, the same as the effect produced by rubbing with ordinary 
black lead or graphite. 

Combined carbon, on the other hand, represents the carbon that 
exists in chemical union with the metallic iron in the pig, the pro¬ 
portion of which is lowest in the higher grades on account of the 
high percentage of graphitic carbon shown to be present. The pro¬ 
portion of carbon in combination with the iron increases gradually 
in the lower grades until in white iron it is wholly combined. 

It will be observed that the total carbon present in the various 
grades of pig iron does not vary to any great extent, so that any 
increase in the amount of carbon chemically combined means a 
corresponding reduction in the amount of graphitic carbon in any 
particular grade. 

In a casting, the relative proportions of combined carbon to that 
in the graphitic state de{)ends on the chemical composition of the 
pig iron, also the rate at which the casting is cooled. Some 
elements, as for instance silicon, have the effect of increasing the 
proportion of graphitic carbon, while the effect of the presence of 
sulphur is exactly the opposite, and will increase the amount ot 
lomhined carbon. 

' The rate of cooling when increased, as in the case of chill cast¬ 
ings by contact with metal moulds, has the effect of increasing the 
amount of combined carbon, causing that portion of the casting next 
the chill to begextremely hard. - The opposite effect is produced by 
reducing the rate of cooling, as in the case of annealing, which has 
Jor its objetit the softening of th^e casting, and in wliich it will be 
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found that the graphitic carbon is increased and the combined 
carbon diminished. Similar effects to those just referred to are 
produced by reason of variations of the thickness of metal in a 
casting, such as castings of thin mchil being hard owing to the in¬ 
creased proportion of cooling surlace exposed, cau-^ig it to cool 
down more rapidly than castings of thicker metal, the rate varying 
inversely as the thickness. tr 

Generally speaking, a high percentage of graphitic carbon 
corresponds to a coarse grain, large crystalline form, and soft or 
tough metal easily machined; while high c<pabined carbon has the 
effect of closing the grain, so that the metal is made finer, harder 
and more brittle, but may be stronger. 

Silicon in pig iron is derived by the reduction of silica in the 
presence of carbon during the process of smelting. The pro¬ 
portions in which it may combine with the irttn depends on. the 
degree of temperature attained in the furnace during the period of 
reduction, high percentage of silicon l)eing the result of high 
temperatures, which correspond to increased < proportion of fmd 
used. These conditions are also favourable to the production of 
high grade iron, with its high percentage of graphitic carl)on. The 
highest percentage of both silicon and graphitic carbon will there¬ 
fore be found in the same grades of pig iron, and this, it will he 
observed, is verified by the figures in the tables, in which the 

No. 1 grades attain tbe maximum of 8*30 per cent, silicon. 

No. 4 „ „ minimum of 1*43 „ „ 

The effect of silicon in cast iron is to promote the separation of 
carbon into the graphitic state, so that even a white iron may be 
made to have a granular * or greyish appearance at the fracture by 
the addition of silicon in the form of ferro-silicon. The silicon, 
when added, combines with the iron to form a silicide of iron, the 
iron in which was previously in combination with carbon forming 
a carbide of iron, the latter being, as already stated, much harder 
than silidide of iron. During this changing process it will be seen 
that carbon is set free. The effect of this is also the softening of 
the metal, which will therefore be more suitable for machining. 
By thus adding silicon a larger percentage of scrap Inay be used. 

• 8iv the tests for efieots ptuduced by rcmciting, page 55. 
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The percentage of silicon, however, which may be added should 
never exceed that necessary for the conversion of the whole of tlio 
combined carbon into the graplutic state, in which case it^is said to 
have reached its limit of nseihlness. 

'I'he propev use of silicon, either by addition in the form of 
ferro-silicon, or by the careful mixing of different brands of iron, 
will enable the founder to produce castings successfully with higher 
proportions of low grade iron; or when it is required that a high 
proportion of scrap be used, castings will by this means be softer, 
and shrink less than if no silicon had been added, both of which 
properties are most essential, especially in such castings as belt- 
pulleys, spur wheels, and others in which the thickness of metal 
varies to any great extent. 

Sulphur, on account of its great affinity for iron, readily com¬ 
bines with it when under the influence of sufficient heat, and as the 
fuel used for the smelting of iron ores is seldom or never free from 
sulphur, and at the same time is in contact with the metal during 
the ]U’oc('8s of reduolibn, it follows that a portion of the sulphur will 
pass into the iron. For the same reason it will be seen that to 
romelt pig iron in a cupola is another opportunity for the metal to 
take up additional sulphur from the fuel required to melt it; every 
time, therefore, that cast iron is melted or remelted, it will take up 
additional sulphur, the effect of which is to harden it, until it 
becomes so brittle that it is unfit for use except when mixed with a 
considerable proportion of soft ifon, or it may be the addition of 
ferro-silicon already referred to. It may bo mentioned, however, 
that increased sulphur, up to a certain point, will increase the 
strength. But, generally speaking, the proportion of sulphur should 
be as low as possible for ordinary castings. 

The percentage of sulphur, it will be seen from the tables, is 
least in the higher grades, and increases in the lower grades, as 
shown in the following :— 


EglinKtou No. 1 ciiutaiiiB .« 


.. *04 per cent, enlphnr. 

„ No. 4 

i» •• 


.. 



Cleveland Na 1 

»f •• 

•• 

.. 03 

ff> 

f 

„ No. 4 

f* •• 

• • 

.. '10 

n 





T" 



Alaluinia No. 1 

» •• 

«• 

.. '025 


ft 

„ No. 3 

B •• 

• • 

.. *0.{0 
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Sulphur, generally speaking, tends to whiten the iron, and in¬ 
crease the shrinkage in the castings produced. It tends also to 
make the j;Qolten metal run thick and sluggish, causing blow-holes 
in the castings, owing to gases being held in suspension and pre¬ 
vented from rising through the molten metal, whi^h has eet too 
quickly. 

Silicon, as already stated, will have the effect of incripsiDg the 
fluidity, and otherwise counteracting the bad effects produced by 
sulphur, although for equal quantities the sulphur is much more 
effective for evil, being estimated by some authorities as even fifteen 
times that of silicon for good. 

Phosphorus in pig iron is derived either from phosphates of 
lime, contained in the ore, the fuel and the flux, or from phosphate 
of iron in the ore; phosphoms being most abundant in those 
st rata where animal remains are found. • 

Owing to the great affinity between phosphorus and iron, all 
the phosphorus present in the ore and other portions of the charge 
passes into the pig iron produced, the con||ol of this element 
during the smelting process being quite impoasible. 

It has therefore become a characteristic property of certain 
brands of pig iron, such as, for instance, some of those produced in 
Uliddlesbrough and other districts where the ores are high in 
phosphorus, and where only these local ores are used. 

From the various analyses given in the tables, it will be seen 
that in the Scotch brands |bo* pbospborus varies fiom *94 to 
1 • 00 per cent., whereas in Middlesbrough brands phosphorus is 
1 • 50 per cent. 

The latter proportion of 1*50 per cent, will generally be con¬ 
sidered in excess of that desirable, on account of its hardening 
influence, also increased shrinkage on the castings produced. 

Phosphorus, however, may be, and is, excessively high in many 
other brands of iron, not on account of the ore from which it is 
derived, but by the addition to the charge of puddler’s slag rich in 
phosphorus, all of which, as already stated, will pass into the pig 
iron produced. The only reason i'or using puddler’s slag is, of 
coarse, its cheapness, the greater inducements being offered in those 
distrifts where it is motet plentiful. Where the proportion to the 
charge is high, an inferior quality of pig iron is produced, known 
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as cinder iron, tbe objectionable cbaracteristics of which are cliU'Hy 
due to the excess of phosphorus. 

Although the presence of phosphorus has a hardening effect on 
pig iron, it will generally be found that it causes increased fluidity, 
by reason of jvhich otherwise inferior iron will be found quite 
suitable for such purposes as omamentat casting, in which strength 
may be of^secondary importance. 

Manganesey like phosphorus, is derived from the ores of iron, 
in which it is always present, although in proportions varying 
considerably. As an evidence of this we have the following 
abstract from the analysis given in pages 12 and 14:— 

Fylington iron (Pcob b), from 2 • 11 per cent, in No. 1 to 1 *74 per cent, in 
No. 4 gravies. 

Clarence iron (Euglisb), from *60 per cent, in No. 1 to *56 per cent, in 
No. 4 "rades. 

jilahnma iron (American), from *36 per cent, in No. 1 to *34 per cent, 
in No. 3 gratles. 

The amount of manganese taken up in the iron during the 
smelting process is dependent on tbe degree of temperature. Its 
prc'sence often produces a characterisiSc softness in a brand of iron 
which otherwise would be comparatively hard, due, it is considered, 
to the combination of tbe manganese with each of the other 
elements as they combine with the iron. Manganese, again, has 
a softening effect by reason of its great affinity for sulphur, with 
which it combines during tlie melting process, so as to form a 
comparatively light fluid compound which is carried off as a portion 
of the slag, thus diminishing the amount of sulphur left behind 
to combine with the iron, the presence of which it has already 
been seen is so undesirable. Manganese also eflects the removal of 
hlow-holea in a casting by its reducing influence on gases containing 
oxygen, so as to form manganic oxide ; as, for example, the reduc¬ 
tion of carbonic oxide preset in the molten iron. 

In addition to the various elements referred to in the fore¬ 
going, cast iron may also contain either of the following: arsenic, 
chromium, tin, copper, titanium, the effects produced by the addition 
of which, although not very important, are briefly indicated in the 
following:— 

Chromium does not readily con^hine with iron, which it causes 
to he excessively hard. 
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Arsenie imparts a fine white colour to iron, but makes it brlttla 

Gold combines very readily with iron; it serves as a solder for 
small iron castings, siich as breast-pins and similar articles. 

Silver do«i not unite well with iron, but a little may be alloyed 
with it; it causes iron to be very hard and brittle,, Tlie alloy is 
very liable to corrosion. 

Copper, if alloyed with iron, is not regarded as a hojgiogeneouB 
compound, but a small quantity of iron added to brass increases its 
tensile strength. 

Tm, with iron, makes a hard but beautiful alloy, and can be 
mixed in any given proportion^, which, if nearly half-and-half, 
assumes a fine white colour, with the hardness and lustre of steel. 

Aluminium as a metnl is not found in nature, but may be 
derived from every variety of clay, in which it exists as oxide of 
aluminium, ie. “ alumina.” day being a common constituent of 
iron ores, one might expect in such cases that, during the process 
of reduction in the blast furnace, aluminium would be taken u}) to 
some extent, and appear along with the various other elements 
usually present in pig iron, * This, however, is not, the case, and 
instead of aluminium forming one of the natural constituents, it 
must be subsequently added in the metallic form when considered 
desirable. 

Two methods of adding aluminium are usually adopted. The 
one, by reason of its comparatively low melting-point of 1500 
degrees Fahr., is simply to add it to the molten metal after it is 
run into the ladle, and afterwards stirring or mixing by means of 
an iron rod or feeder. The other method is that of forming a 
composition of alnminium and iron, called ferro-aluminium, which, 
on account of its higher melting point, is generally placed at the 
bottom of the ladle before the molten metal is ponred into it. 

In the case of pure aluminium being added, from 1 to 1J oz. 
per cwt. of cast metal is required to produce certain changes. 
And when ferro-aluminium is used, from to 4 ozs. are considered 
necessary. 

By addition of alnminium as described, the cost .of production 
is increased by about 2«. ^d. to 3«. per ton; this for castings 
otherwise expensive, may not appear much. But when the daily 
tonnage of casting is great, this item of extra cost reaches amounla 
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which require considerable proof as to the merits of aluminium 
before adopting it generally. 

In such cases the founder will be most paHicular in his in* 
quiries or investigations as to the various points of mefit claimed 
for aluminiuii^, some of which are as follows :— 

1. It makes the molten metal more fluid. 

2. It^makes the castings sharper and smoother. 

3. It eliminates the blow*holes» and makes the castings sound 
and uniform in texture. 

4. It makes the castings a little stronger. 

That aluminium, added to oast metal, will produce in castings 
the foregoing desirable results, there seem to be differences of 
opinion, and this fact in itself indicates that ihs merits in many 
instances are not very marked. 

•One property of aluminium when added to cast metal is, how¬ 
ever, quite apparent, and that is its effect in producing greater 
fluidity of* the metal, so that it takes longer to set, making it 
correspondingly valuable in cases where the moulds to be cast are 
situated at a distance, where, without the addition of aluminium, a 
higher proportion of bad castings would result through dull 
metal; or it may be to save a considerable proportion of the metal 
being returned and emptied out as too dull, causing delay and 
consequent loss, as well as the cost of remelting. 

The effect on the snriSaee appearance of the molten metal 
thus treated is also'very marked, the change being suggestive of in¬ 
creased temperature, supposed at one time to take place owing to the 
recombination of the aluminium with oxygen present in the metal. 

Increased fluidity, as indicated in the foregoing, will certainly 
be favourable to the production of sound castmgs, owing to the 
increased ireedom for the escape of gases. Aluminium will no 
doubt reduce the presence of blow* holes in breaking up any 
carbonic oxide gas present, by forming oxide of aluminium, the 
result of which will be an incre£^e in the carbon in combination 
with the iron. 

'When aluminium is added to the molten metal as indicated, 
before it becomes mixed it may be seen at the surface, by reason 
of its change to a white heat, due to the heat of chemical union, 
which at one time gave rise to the idea that the increased fluidity 

^ m 
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was due to increased temperature. This, however, will he seen is 
not the case, when it is considered that the total heat due to the 
chemical union of oxygen with all the aluminium added (even if 
the oxygen required were present) is sufficient only to raise the 
temperature of the whole something like 22® Faly. Such an 
increase, considering the high tempOTatures to be dealt with, 
viz. 2786® Fahr. for cast-iron molten, would not be wyth con¬ 
sideration. 

Total heat due to chemical union of one pound of aluminium 
with oxygen is taken at 1200 British thermal units, and the 
specific heat of molten metal *25. 

Fen’o-OTcou.—Silicon, although it is always present in pig 
iron, as indicated in the tables of analyses given. Some pig irons 
are quite unsuitable for certain classes of casting on account of 
their extreme hardness, and other properties characteristic of Jow 
silicon, and usually referred to as low-grade iron. The amount of 
silicon in a casting may be too low, owing to an exce>s in the pro¬ 
portion of hard scrap added to the cupola charge. In such cases 
silicon may be added in the fonn of ferro-silicon, in the manner 
already described for ferro-aluminum. The composition of ferro- 
silicon manufactured at the Govan Iron Works, and suitable for 
foundry purpwes, Is as follows >— 


Iron . 

.. .. 83'16 per rent. 

Grapliitic carbon .* 

• • II 

CJombined „ .. 

•« 1*84 n 

Snlphur .. .. .. 

*. .. '0.H „ 

Silicon .. .. .. 

.. .. }0 i^3 „ 

Manganese .. .« •* 

•• •* 3*8b „ 

Pbospboros.. .. .« 

«• .. *04 „ 


100 -oo 


Here the silicon is shown to be 10*55 per cent, so that when 
10 per cent, of ferro-silicon is added to the cupola charge, the 
metal produced will contain, approximately, 1 per cent, more 
silicon than if no ferro-silicon had been added. 

As indicating the importance of silicon in the production of 
castings, some authorities have suggested that the different propor¬ 
tions ascertained would enable the founder to determine the quality 
of his pig iron according to the percentage silicon, instead of relying 
on the appearance of fracture, ^hich, as already stated, was too often 
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misleading. In support of this theory we have the results of 
W. J. Kaep’s experiments, as plotted out 1^ him in Fig. 2. By 



means of these cunres he shows that a well-defined relation exists 
li^tween the amount of contraction in a test har, and the percentage 

I • 
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of silicon it contains.. So that the shrinkage of a test bar, when 
carefully measured, will give a fair idea of the percentage silicon. 
By the latter method it is claimed that the accuracy will compare 
favourably with even the most perfect, but in many cases incon¬ 
venient and expmasive, method by analysis. ^ 

The curves in this diagram, it should be stated, are more even 
than could be obtained by actual experiment. They n^roseut, 
however, the characteristic changes due to variations iii size of 
bars and percentage of silicon, as indicated by repeated experi¬ 
ments which Mr. Keep suggests every founder should make for 
himself, so that the results in each case would be free from dider- 
ences due to differences in the working conditions. 

The above diagram also shows how the properties of the mehil 
in a casting are dependent on its thickness, as indicated by difler- 
euces in the amount of shrinkage duetto variations in the rat^of 
cooling: showing that lower giades of iron may be used for heavy 
castings with thick metal, than that required for small thin cast¬ 
ings, and the resultant quality of metal in each case be practically 
the same as regards softness and general suitability for castings to 
be machined. 

Expansion and Contbaotion of Cast Ibon. 

That cast iron contracts and becomes smaller than the pattern 
from which its mould was made is well known, to allow for which 
jiattoms are always made a certain amount larger. But that mst 
iron expands during the cooling, or period of solidification, although 
asserted by some, has not hitherto been accepled as certain by 
many. It has been suggested that the general sharpness of cast¬ 
ings could not he obtained, were it not for expansion causing the 
metal to fill the mould more completely., Some others have under¬ 
taken experiments to ascertain the behaviour of cast iron, from the 
moment it is run into the mould until it has l^eoome solid and cooled 
down to the normal temperature, and although such experiments 
have often led the authors to the conclusion that iron did expand, 
their proofs were as often considered unsatisfactory by others. 

The latest particulars regarding this point which have come 
before the w'riter’s notice, are those derived from the separate 
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experiments made by T,^. West and W. J. Keep, both of America. 
The recordiog instruments were in each case somewhat similar in 
principle, and the recording pointers made to cover a distance 
10*6t> times greater than the actual variations which took place in 
the lengthtest bar when cooluig or expanding. In other respects 
every care seems to have been taken to obtain reliable results. 

. Fig. 3 is a diagram showing various results obtained by 
Mr. West, in which the first eight tests have special reference to 

to the iuilu- 
of expansion 

and final contraction in cast iron. 
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In these tests the variations in sulphur were produced by the 
addition of brimstone to a second ladle, into which the remainder 
of the metal from each cast was poured, and then stiiTed up so 
that it was tlioroughly mixed. Test bars obtained in this manner 
fiom each cast gave the insults represented in each alternate or 
second test shown: viz. tests Nos. 2, 4, 6 and 8. 

From the first series of tests up to No. 8, it is clearly shown 
that increased suj^drar will influence the amount of expansion and 
contraction of cast iron, bnt to an extent which seems at first to 
he not altogether in line with the theory of \W. J. Keep, already 
referred to in page 25, Fig. 2. It will be observed, however, that 
in these latter tests, shown in Fig. 8, the percentage of sulphur 
present is far in excess of that which is usually found in pig iron ; 
and, as shown in page 18, where the maximum is *10 per pent., as 
compared with ‘ 806 per cent, in the latter tests. 
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Generally speaking, these first eigb^^^ts confirm what has 
already been said regarding sulphur and its influence to lower the 
grade, increase the hardness and contraction of cast iron; whi'o 
the latter tests indicate the effects of Tariations in thickness of 
metal in determining the amount of ahnnkage, and thpse confirm 
the results sho*/m in Fig. 2, page 25, 

Test No. 9 in Fig. 3 gives an interesting example of increased 
contraction caused by preventing the natural expansion taking 
place, as compared with No. 10, in whicli a similar bar was 
free to expand. The eon^ion suggested in Test Na 9, it will 1x3 
observed, is the same as that of a casting in an iron chill mould, and 
indicates that such castings are subjected to increased internal 
stresses, and therefore more liable to crack in the cooling than cast¬ 
ings produced in sand moulds. 

In addition to the properties indicated in the foregoing diagraip, 
Mr. Keep, by taking into account the element of time, has been 
able to point out several other impoitant features regarding the 
physical changes which take place in a casting from the moment it 
is poured until it has become solid and cooled down to its normal 
temperature, some of which are reprinted in Fig. 4. In this 
diagram it is shown th&t cast iron net only does expand, but that 
the amount of expansion yaries in such a manner as to suggest 
three distinct periods, referred to by Mr. Keep as the first, second 
and third expansions; the amount and duration of each l)eing 
represented by those portions of the curve which rise above the 
line A B, all points on which line correspond to the length of 
pattern or initial length of the test bar; the contraction is there¬ 


fore represented by that portion of ^e curve falling below the 
line A B. ^ 


By a carefully an*anged set of eighteen test bars, also rep’^e- 
sented in Fig. 4, which were cast at the same moment and from 
the same ladle of metal as that which cast fheJUst hir in commu¬ 
nication with the recording instrument, from which the curves 
shown in the diagram were obtained, it was possible to observe the 
various changes in the appearance of fracture or physical condition 
of the metal from time to tin^ each of which conditions would 
correspond exactly with the state or condition of the other standard 
test bar, which was fixed in the recording instrument. In addition 
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to these observations, jp^tion of eaeli bar at the same moment 
it was withdrawn from wie sand was plunged into ice-cold water, 
in order to arrest the furtlier development or rearrangement of 
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crystals. By thnit cooling each test bar, all of which were after¬ 
wards analysed, the following (hanges in the proportion of com¬ 
bined carbon were observed:—. 

No. 1 lerf iwftt juinute aftrt csneting contained '60 per cent, 
oondnnwl carbon.' 

No. 8 ie«t har at 0 luinnti-s after casting contained *45 per cent, 
•coinbine-d larbon. 

No. 13 ie»t har ut 14 minutes after casting contained *06 per cent, 
combined caiboit. 

from which it shonld he noted that no marked change in the 
H mount of combined carbon took place until 14 minutes after the 
metal was poured into the mould. Comparing this change with 
the corresponding period in the curve formation, it will be seen 
that the marked fall in the amount of combined cirhon takes 
place during the period of third expansion. This fall in the 
amount of combined carbon will cause a corresponding increase iu 
the amount of graphitic carbon, which should cause the metal to be 
softer and tougher; and thU has been verified in these experiment 
by the lailure in attempting to bore the test bars from No. 1 to 
No. 8, which were cooled earlier and in the order stated. Those 
bars, however, which were withdrawn during the period of third 
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expansion, i.c. No. 12 to No. 18, were soft and easily 

l)ored. These facts have suggested thid) Ito soften or anneal cast 
iron it must be raised to a temperature corr^ponding to that of the 
third expah^on, during 'which, as has been shown, the combined 
carbon becomes separated into &ee or graphitic carbon, to such an 
extent as will cause the meta} thus treated to become softer. 

It is also shown by these curves in relation to time, that expan¬ 
sion does not begin until about one minute and a half from the 
moment the metal is run into the mould, at whiidi period the state 
or condition of the metal was ascertained by withdrawing test bar 
No. 1, which was then so red-short that it broke by its own weight; 
it was noted, however, that the metal was set throughout, and there¬ 
fore solid before expansion began. 

Another imp^tant property of cast iron observed after the 
mould has been Aled with metal, is the well known sinking of the 
molten metal which composed the head or runner, and especially 
noticeable in the case of heavy or thick metal castings such as 
hydraulic cylindera. No doubt this sinking is due to the expansive 
property of cast iron, referred to by West as shrinkage in contrast 
to contraction, and explained as follows. 

After the metal' is run into a mould, that portion next to the 
walls of sand is of course the hrst to set, and will form a shell 
which at this early stage is hlled with molten metal. This shell, 
however, after a short period, indicated by the diagram. Fig. 4, 
begins to expand, causing a corresjionding increase in the capacity 
of its interior, so that it requires a greater quantiti|^Gf molten 
metal to fill it, the difference of which is represented by the fall 
or sinking of metal at the top or head, and sometimes made good 
by adding tbe required amount in order to ensure a sound casting 
throngbout. For this reason, as also the n^ssity of maintaining 
a sufiicient head or pressure of metal near the top, it is necessary 
to have a very large head, especially on hydraulic cylinder castings, 
which is afterwards out off. The expense of cutting these heads, 
which must be thick, has often led engineers and founders to reduce 
the thickness where 4t has to be cut, so aa to form a throat or 
narrow neck. This practice, however, is sometimes carried to 
excess, so that the thinned portion sets too early and shuts up, or 
stops communication between the upper portion or head (which 

*• t 
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should have acted as a ^llservoir) and Ihe casting proper, thus 
defeiiting the object for which it was designed, with the result that 
the upper portions of the casting are spongy, and unsuitable for 
hydraulic purposes owing to their failure to keep in vS,ter under 
pressure; an^ further, if the casting referred to should happen to 
have a heavy bracket or other sinaha; formation near the top, 
wh€'n broken through at the ^okest pint, it will most likely be 
found hollow. 

Such cavities in stings, occurring as they always do at points 
where the metal is thicket—as, for instance, the junction of one or 
more thicknesses of metal—are due to the met^ remaining longer 
in a liquid state at th^e points, by reason of which it becomes 
the last source of supply, made necessary through expansion of 
the outer shell, <&o., sdready referred to, just as in the case of the 
extra liead piece of thick metal, in which a similar hollow takes 
place; but with the latter the cavities, &c,, m'e removed to a point 
outside of the casting proper. ^ 

Cavities may occur at different points of a large easting where 
the metal is extra thick, due to the junction of metal and other 
causes. At all such points, which may be anticipated by reasoning 
and experience, the casting should be fed until the metal has 
fiiirlv set. 

at 


Strength and Elasticitv op Oast Iron, , 

The phyirical properties of east iron are a subject which, when 
treated in relation to various well known brands, must be of con¬ 
siderable interest to both engineers and iron founders. The want 
of suci) particulars in the bauds of foundrymen is perhaps too 
often the cause of the disposition to look unfavourably on certain 
brands, even when there is no good reason. 

In order to obtrin more reliable information, many iron-founders 
are now adopting the method of systematic testing, from which 
much useful and int^r^ting data hAve been obtained. The in¬ 
creasing practice, bowevef, of such methods is no doubt due in 
a considerable degree to the increasing importance attached 
to these tests by engineers, who, by reason of the failure of the 
test bars to come up to the conditions sj>eeified, may reject or 
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condemn castings, of th^metal of which title test bar referred to is 
a sample. To guarantee this it is sometimes specified that the 
test bar be cast ns part of the casting proper, and afterwards 
broken off^. 

With the inerting demand h>r a lasting machine snitnble 
for foundry purposes, we hare the residt that quite a variety of 
designs are now in use* In some i>i these the stress is applied 
by means of dead weight, and iii otl^rs by means of a. smaller 
weight, the effect of which latter may he varied hy moving it along 
a lever until the desired mtensity of strass on the test bar is pro¬ 
duced, ‘ 

Fig. 5 gives an illustration of a vei 7 suitable machine of the 
latter type, which m neither unnenessaiily heavy, complicated or 
expensive, by means eff which any required test may be carried 
out for the tiau^yerse strength of cSst iion. 



Ffo. 5, 

' » 


Fig. 6 illnstrates another form of a machine for testing the 
tensile strength of metals. This latter test is, however, not so 
often specified, hence such machines are not generally adopted, 
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a very accurate idea of the teiisfiS strength is obtained from the 
results derived from actual t^ts with transverse ^Ik 

fl WL w vr 

S » ultimate , tenwilfflifegth of cast iron per square inch 

in tons.’’’'"'^; 

W = breaking Icted derived from rlranayeree teat in tons, 

B = breadth or thickness of tranateime tt^st b^r |n inches. 

D = depth ‘ j, ' v „ 

J j = length between ,m)pp^ h kehefii. 

1*5 = a constant derj^ai^fr^'tt^retikl considerations with 
referen<M to BiO i^^^s strains and stresses occurring 
in a beam or teit';.^if '!Of ^rectahgnlar croFS soctiou 
when snbjected tq a bod transversely. 
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In the foregoing 8 and W are" botli, as already stated, in 
tons; W, lioweyer, may be> Milted in lbs. or cwts., in which 

ease tlie vaiue of B cwts. 

Oast iron is power to resist 

compression;, «n<i for sach data wo 

will refer to i^e experim^ some rosnl^^ from 

which are sho.wn in ^'ig. , o 


<* ' 




^iasT Baas nsisp f<iit iCis® l»oir* 


Figs. to loi page 85, ifinstrate t^e tiiriouB forms of test 
bars used to asceitain the strength of cast iron. Figf^7 represents 
the ordinal method,of enj^riing » test bar loaded transversely, 
the supporting edges in which are not more than ^ inch 
broad. Fig. 8 shows another method, in which the sharp edges 
are replaced by comparatively broad bearing surfaces which, by 
reason of the circular , hearings shown, are free to adjust them¬ 
selves as the set of the bar changes. With this arrangement the 
distance between the centres of bearing at « s corresponds to #e 
distance between the knife edjg^ at s «> Fig. 7, the load being 
applied through two simiW bearing; jaeoes arranged as shown, 
one on each side at eg[ual the centre of bar. It is 

claimed that a tmer result is obliged by the latter method. 

The trafmerae te&t is perhaps best for machinery, c-onatruc- 
tional, and indeed a& other works in coft iron, partly licciiuse the 
strains set up omtespond t6 those mofi^ likely to occur in actual 
work, and al^io because it gires t^ anc^|||j^, estimating at the same 
time the elasticity without the use Qr^^&^vely long test bars, os 
shown in the previous page. '1 ; 

As regards the form of ctos^ s^iom it is suggested that the 
round bar will give results more uniform and true bn account of 
its being least ^ee^ed by. coding, Whtch^^^ m^^ of weak¬ 
ness. as indicated the cryitallii^ and 

described in Chapter 11, page section, 

Figs. 14 and 15, has been adopted We, bbwcy^> with the idea that 
it will better serve for purposes"of epmpanson^ other results 
with which at pre^t we are the most fami liar in common practice, 
being the size and form generally spbmfied by engineers. 
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Figs. 9, 10, 11 and 12 illustrate various forms of tost Lara 
used to ascertain tlie tensile strengtli of metals. In each of these 
the size is visually IJ inch diameter and 8 inches long, and turned 
all over aS in Mgs. 9 and lOi. With cast iron, however, there is 
no advantage in turning the t^t bar its whole, length of 8 inches, 
as is the case, for^inalleahie iron;; steel, and; other snch metals, 
becanse^with cast iron the small amount of elongarion iiigiso short 
a test bar could not be mtesured.; Jt istherefoie.sufdoient to turn 
down a smaUj^jiion at the centre, ios ahown in Fig. 11, allowance 
being made ipastiog^ It should be meurioned, however, that 
test bars tum^ do^ give lower results than 4be same size of 
bar not turned, by reason of the extra stren^ of the original 
skin of the casting in the latter. It should be further stated, that 
the thicker the casting,. Of a test bar, and consequently the more 
metal reqtim^ jte turned ofif to make the standard size, *the 
lower are, jPo- results obtained. The reason of this is that the 
thicker a casrin'g, other things being equal, the coarser and softer 
is that portion at the centre; ^nd this has also the eflSsct of reducing 
the average strength per square inch of metal in thick castings or 
test bars, as shown by the foltewing results of experiments made 
by Hodgkinson 

For test bars .. .. ... .. 1 2 inch, and S inch square soctinn. 

The average strength per si], in. | 
of section varies appr0xi<> 100 8Q 77 

matelyas ... .. 

'** ' I 

The ball-sbapbd ends shown in Figs. 9 and 11 are particularly 
desirable for tensile ^bs^s cast 'iron, as by means of these 
ball bearings the test bar is free to align or adjust itself when 
the load u applied; whereaa in the case of a test bar with ends 
as shown in Fig. 10, to suit the usual grips of sthe biting type, 
the bar is not permitted to adjust itself, in which case it may be 
twisted and strained so that it breaks uadmr a much less load than 
if the stress had been prc»perly appli^. Su^ t^ts ap are obtained 
from bars with ends riiown in Fig, 10, are thofefpro not so reliable 
for cast iron. Fig. 12 represents a form of teat bar often used to 
ascertain the tensile strength of cast irom tThe method of trans¬ 
mitting the load here is by means of an ordinary shackle and pin, 
the latter passing through the eye of lest piece as shown; tlie bear- 
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ing parls, it will also be seen, are rounded off, so that the bar can 
align or adjust itself. Such bars are usually small in section, 
4 inch square Or diameter; The metal, however, as indicated by the 
fracture of these, gives no idea cff the strength of the same metal in 
a casting in whidb the thickness is gimter, because the small test 
bar cools more rax»idly, tod the me^ is consequently closer and 
stronger. The square bar is further objectionahie on account of 
the irregularity in the crystalline formafebns already referred to. 

Fig. 13,* page 35, illustrates the ajrangemetnt adopted by 
llodgkinson to ascertain the resistance of 11 ^%) compression. 
The tost piece shoWTt at A is f inch diameter and | inch long, 
iidditional test pieces being inch long, or double the diameter in 
loiiglh. The end faces of A were carefully prepared to ensure a 
iiiiiforin distribution oi the load, which w^. applied by means of 



Pro. 16. 


the plug P, turned accurately to fit the circular chamber in which 
the test piece is placed. Some r^lts as to the nature of fracture 
produced in cast iron under compression to destruction are illus¬ 
trated at A, B, 0,. D, yig. 16, in which the upper and lower 
fignres represent the test pieces h^ore and after the load was 
{ipplied. 

Having thus described some of the more important methods 
adopted for testing the strength df east iron, reference will now he 
made to the value of such tests in determining the different pro¬ 
perties and suitability of the various brands and grades of metal 
for different kinds of work tb be done. 

• Sec Trei1gf>ld aiul IpMlgkioflon, * Go tlie StrengtL of Cast Iron.* 
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Before dealing \vith the less apparent differences, especially with 
reference to the elasticity of oast iroh, it. will he interesting to 
examine different in Fig. 17, wliioli,l^e been laid down 
in order to ^ow molfe clearly the relative of cast iron, 

malleable iron and nffld steel, each of whWfx^ples may be 
taken as representative of the Cerent metals., referred to. By 
an^ysis of these chrves the relative value of the different metals 
as regards their tenacity and elasticity are deadly shown; such 
curves give also an idea' of other propm-ties, as for imtance tough- 
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A B Cnrt'e for cast iron. C Cnrre fur malV*able iron. 

A D Curve for mild Bteel. E L 'm ^acU curve «Uow8 the ckBiic limit, 

1^. 17. ■ 

ness and softness, all of which properties require due consideration 
in the choice of a metal for constructional worfc. As regards the 
first two and most important properties, to he observed, it w’ill be 
seen that cast iron is much inferior to malleable iron or steid, the 
latter two^baving properties very similar to each other, and differ¬ 
ing only in degree, in which mild steel is nmeh saperior, and at the 
same time quite as easily put into shape, by forging, so that it has 
now replaced malhmhle iron to a consideiable extent Cast iron, 
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ft 

on the other hand, still eontinnes to hold its own in the scale of 
iiupoctance for two reasons: first, account of its low cost of 

])ro(lucti()u; second, by it8 ,,|>rojjerty J^coming liquid at a com¬ 
paratively low temperature, can-info moulds, 

aud good castmgs produc^1of.&n|;':i^^ 

In cast iron the importosit is certainly not 

very marked; that it poateSB^^i^ch is clearly shown 

in Fig. f8, which represfents m dkgram^tic form the results of 
Hodgkinson’s experiments to aece*;^ th^ degree of extension and 
compression of cast iron under different ieids, beginning low, and 
gradually increased until' the breaking point was r®^ed. Careful 
obs(Tyalions were also mode, and note taken, of the amount of 
permanent set or recoil by removing the load before prolfcding 
with the next increase of load. 

The results of these eompressioh and tensile tests are usually 
shown in two separate diagrams of different scales, bu| in Fig. 18 
both seta of results are dmwn to the same scale, and placed together 
ill order that the relative values of cast iron under compression and 
tension may be compared more readily. 

U he test bars used to obtain such data were necessarily long in 
order to give measureable results, their length being 10 feet, and 
cross section 1 inch square. 

Having thus shown that cast iron is compressible,, also capable 
of lieing extended to a measurable degree, ho teat should therefore 
he considered complete without data regarding these properties, 
either by direct measurement or other means by which tliey qould 
he estimated, as it is from sTCmbriJata only that we can form any 
uiea ot the toughness and elaiPity, these latter important proper¬ 
ties being often lost sigkt of ^tirely in attempts to increase the 
strength, sach as by remelting ca^ 11014 as ^own in Fig. 21. 

p/i”e »)tl. I , ‘i • 

And, indeed, it is more'essential that cast iron fm: general en¬ 
gineering and constructional piirpb^s be tough and of moderate 
strength, than that it has a high breaking resistance if otherwise 
hard and brittle. The latter properties, abng with comparative 
weakness, are the usual characteristics of. so-called interior brands, 
wJiile some of the best brands of iipn, although showing no better 
results as regards their resistance to a dead load, are much softer 
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A T Curve of extension siml tensile strencth ot east iron. 

A n „ r permanent set pro(hie,e<l at each loiul. 

AC „ coinpr(*8»ion ami eoinpressive rcsistanoe of cast iron, 

AD „ periimnent set produced by each load. 
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and t()ii|;lier, ilic latter being often mixed with the former bard 
and inlhrior qualities, wbicb latter ^oiie are of little value. 

d'o ascjeriain the two; impf)rkfii ^)jroperties p| cast iron, as in¬ 
dicated in Fig. 18, is praetiealljr im^sible by ilfeect measurement 
of the ordinafy test bars used, owing to the inappreciable amount in 
so short a length. When we Consider, hoxvever, that the bending 
or dedecHng of a bar subjected to a traasvei^ load is entirely due 
to tlje extension aiid compression of those portions, whether abo\e 
or bdpw' the neutral axis A B, Fig. 14 (pjige 35), it becomes 
apparent that any variation in the amount of such deflection may 
be tiilien as sufficient data for determining the relative values of the 
ditrerent pieces of cast iron tested as regards their properties of 
elongation and compression. 

When a test bar has been cast in a horizontal pf)sItion, the 
upper-portion and surface is liable to be dirty and slightly honey- 
(!ombod, as indicated in Fig. 14, page 85; for that reason tlie 
npjjer side referred to should be so placed that it will be under 
oomjncssion when hehig testt4. In this manner the results obtained 
will more neatly represent the true strength of the metal without 
in any instance being higher; whereas if placed with the upper 
side mentioned so that it is in tension, the strength as represented 
by the breaking load will most likely be much below the true 
value. To obviate such tendencies to incorrect results, the test 
b irs are often cast in- a vertical position, so that at the point 
of fiacturo the metal will be uniform throughout 

I'he strength and elasticity of dilferent brands and mixtures of 
]iig inm will he found to vary considerably, the cause of which 
can often be traced by means of analysis showing the diflerent 
Compositions. Some elements however, as, already stated, have a 
much greater influence in this respect than others, when all are 
combined together, as in cast iron; and as a means of ascertaining 
a mciisurc of the various influeia^ referred to, it will be interest¬ 
ing to note the effect of eacdi elenlist separately when alloyed with 
jnire iron, as shown by the results of a series of tests made by 
Proh ssor Arnold, and snbsequently plotted out by Mr. Hatfield 
in the manner shown in Fig. 19.* In these examples the pure iron 
is alloYcd respectively with about per cent, of each of the lol- 
, ^ • jjpfc‘fiogiiifccniig/0th July, lyj7, 
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lowing elrmenta: Carhon, Silicon, Ahminium, Manganese, Nirl’cl, 
Copper, Chromium, Tmgden, Armm, FkospJm'us and Sulphur. 
In addition tiio comparakve, wJiieS of pure iron, cast, and also 
when forced, .. 

The latterJjjmts will ^ow how haiideqtiate pare iron would 
be for the various requiremeats of the ]M^nt day; its properties 
resembling more nearly those of isopper fhaa what is popularly 
known as iron. : . ’..i 



In these tests it will be observed that each alloy contained n 
small percentage of carbon. This is no doubt due to the ditlicnlties 
in the way of producing iron e^oly free of carbon. The diflferent 
effects produced by each element idon^aicr dearly shown. 

Some of thrae element®, however, have a mhre striking intiiiciico 
than that indicated in the foregdng dmgr^ when all the others 
are in combination, as in the case of cast irosn, Take, for example, 
the efl'cets of silicon as indicated in I^ig.,.2(J, also Fig, 2, page 2.'), 
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both of which diagrams have been constructed from the results of 
ex perimeiits by W. J. Keep. It is here shown that ii icrcased silicon 
produces on increase in strength, prQi^ed thfi liiictness of metal is 
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not more thS 1 * 111011 ; beyond this increased silicon has a wcabon- 
iiig influence. The diagram, Fig. 20, also shows clearly how the 
strength of cast iron diminishes as the thickness of metal is in- 
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crrased, by meana of test pieces varyiqg from J inch to 3 inches 
srjiiare. ^ 

Having^in tljf,,|()yegc4ng pointed some of the more out- 
si unding l'eature||i||te''Ohserred in. iron genmlly, it will be 
interesting now'J^f^fe "the foUov^ing in strength 

! ul elasticity as obtained from test btas made from a few of the 
br.iuds of iron referred to, also imxtares of same, tlie metal to be 
tested in each ^e being melted in n crucible, in ordft that the 
composition might be unaltered,v by Imeping the molten metal as 
I’reo irom cont ct with the fuel ae |jji:^8ible. 

The conditions of Joadiqg theTest bars fwm which the follow¬ 
ing results were obtaii^, are represented in Fig. 7, page 35. 
The distance between supports S. S is 36 inches, and the bar, as 
shown, is 1 inch tiilck and 2 inches deep, loaded at the centre. 
I) represents the deflection or set at the centre, the amonut of 
which was registered automaticfdly on a scale enlarged six times. 
These readings, howelOT, were checked from time to time by careful 
direct measurement 

The results shown in Tables Nos. 7 to 14, pages 44 to 47, 
will t>e of special value in enabling a comparison to be made between 
tlie oomposition of cast iron, s^own in Tables Nos. 1 to 5, pages 
12 to 14, and the relative strength obtained therefrom. 

Tablis VlI.-r-Sc!m«iH Pig , Iron, Hot Bbast. 


StruMcat^B No. A 
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Table IX.—IKssiiSH Coi,D Bi-Aitr Pig Iron. 
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TAm;s XIV. 


Caknbuos No. $ Paihm.^ ■ 
6aI^NlNtiKuvl{ No. 3. V PAUrt, 

Shop Scbap, tr^AKf; , 

• j { . , 

\ V' 1 . OAftHBSOC JTo. 1 ,4 pA ivr«. 

js&a, i Paut: 

•f '■'• r'' ' ' ■i'.i- 

*k , .'>J V J f ...•?. .,w . .., . 

Load in Ponnds. 

*nelleetjo^ 1 
' In Inclkia. 

' ,, 

/iKWHRfib,’.,; 

-’ey:;!' ■ 

Defltraeon . 
in iacdioe. 

Tensile 
R'jenutli, 
Tons per 
Sqitare Incn. 

235fl 

2 .=>r>o 

2750 

B.L. 2840 

•27# 

•200,h: 

} , ‘ 

. 'W., . ' 

V.’ < ' l' 

;4 

■ ,. A., ■« . H ^ ' ' - 1 ■ * ’ 

1 ^ 

V!i.,»225 
%l -250 
|>27« , ; 

j* ■ 

' ^ 1 

• 0 

S. *7-33 

t 


In tliese tables B.L» is tbe ** BreakingJDoad,”. 

The tensile strenjith stated in each is drived ftom the trans¬ 
verse breaking load by means of the formula stated on page 33. * 
Tlie deflection stated is represented at B, Fig. 7, page 35. 

Each of the foregoing resnlfe nf iransverse strength and deflec¬ 
tion is the maximum obtained after ^eaiang four test bars of the 
same metal. By an examination dfi^the fracture it will be found 
generally that the strongest hats..^Were close grained and finely 
mottled, whereas in of high grade and even the lower 

grades of such as the Cpltness bt^d, tho fracture is distinctly 
granular throughout, • , • 

' Mixtubes. ,1,' 


In the choice of a suitable brand or grade of j«g iron, very 
much depends on the piirpo^ for which it is-intended, the cost at 
the same time being duly consider^. In some ea^s, indeed, tbe 
] fitter cq||j|eration is all that is necessary, such a8i!lor inshmee, 
metal forlBfei weights and other similar , gw^s, ih which weight 
is tbe essential element. . • ' , /' ' ■ ‘ , 

Nos. 3 and 4 grades of the Middlesbrohgh l:rahds of pig iron, 
such as Clarence, Claylanei, Clev^aisl Btinningrore, will be 
found even by themselves. quite^.Smitabfe^" of regular 

form, being therefore least' aflfec^. by fi^inal stress due to con¬ 
traction, and also for ^tin^ h%h ^rength is not 

considered essentiak^ the brands referred 

to is very close, is otherwise sound there is 

little fear of leakage pf watw^duo-^SpemgyneBS, even when under 
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oonsiSerable pressure. .For tliis reason most of the branch, will be 
found suitable for hydraulic i^Under mtanga/ca^ being takc*n to 
have suffid^t thickn^ in tlici 

strength, ^ . v 

In costing of'spiir. urhe^-^ll^ys, in whit -li 

the internd in tho 


the internal 

rate of edbting,;as, 

tliose referred io'i&tout he 


when judidoBdy ;$^^ softer h high grades, 

sutih mi for. iniaOco,, of &itn6Bs Nos. 1 or 3, 

according to tho judgm^t cf the founder Mid the general charactcn- 
of the eastings reqmredi' ^ By ^opiang different brands and mixing 
m indicated, the fliaonnt of shrinkage is likely to be reduced, wliilc 
at the same lime of motel is tougher and more ela^ti(•, 

both of which properties: tend to sd^nre the desired result; and 
diminish the losses teom* crabkihg through unecjual contraction, too 
common when hard or infet^ brands of pig iron are used. TJio 
mixture of brands saggest^^^fi also give a metal which is softc-r. 
end therefore more easD/cut hr machined» .than when the Nos. 
and 4 grades of iron xderred to are used alone^ This latter point 
regarding machining iJecow^ of still more importance when the 
castings are small, the rate cooling being! therefore increased 


and the degree of raised, so that tlie 

cutting speeds necessary ^0 ter below what might he adopted witli 
suitable m^al. . - / 


When it is desired to hai^ thi maximum strength along with a 
minimum of weighty as, ter example, the sole plate, id^j^ers, and 
other icon castings forming parte qi amarine engine, iiffl||Kpeeinlly 
so when these are lor torpedorWt' engines, the cWice of suitable 
pig iron becomes a very important matter indeed. . . 

In the Clyde district Ibe fopowii^ brands and grades are gene¬ 
rally held in high faypnx# ter marine engine castings. ^ 

Far Sttam, CyUniierim^ ■, 

CJartshftfm Wo. 3 
Si'umtncriea'Wfli: 3 
(Mvm’M.iind Condenmt, V/ 

(Jiutsbt'rrici'Ko. 3 
Hummertea Wo. 3 
' Coltuesfl WW It,; 
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In melting different brands of iron ht the ffrst time, it is 
found that the resultant metal is somewbat irregular in quality, 
and to ensure that.j^, ^t^'is;^i^pri^;4b^ it h^ been 
found advisable to rsbelt ^ ;;miid«dii^ and as the 

character of jbt metal is 4so <d)an^4%0 o^ times con* 


sidered necessary will de|iHend 
required. Eemelimg,.hnwefer,|^j^^ 

mid.. 



of metal 
i' catl^ too far, 
10& per 


on account of the 
ton for each ;; ; ; 

The practice'^IRSime 'fonndked'’‘^%):iiii^./^0'^ is 

familiar, is to have the f(^egomg mixtum' iepslt^ ^ ^<9 third 
time before it is run.into the moulds to take np JSnal fmm. 

Iron to be remelted is generally charged mto 'the cupola early 
ill the day, and timed so that it can be completely run off before 
the jnctal for foundry cast proper is required.. , 

All metal to he remelted is mto suitably sized pigs^ and 
afterwards stacked in the usual i^ner, taking care to note the 
different qnality of iron in each .. 

For torpei>engine cylinders ahd valves in which the -thick¬ 
nesses of metal are reduced to the extreme limit, and the strmigth 
of metal specified correspondingly high, in order -that the weights 
may be as low as possible, the founder'will-^imd it necessary to 
use cold blast pig iron, in addition to tbosNS already specided as 
good practicefe ordinary marine work 

The following mixture has hitherto been found to meet the 
highest requirements:— '\ 


Blatteavon cold blast. 
IS^dleywaod ,, 
Goldeiulale 


" 1 


In eqiwl iwts, all tcgctfaer 

and nm Mo pigs. ^ ^ ^ » 


jj ( No. S Biimmerloa bot blast 1 fn equal paxis, ntsit^ foje^ther tiiiee 
\ No. 3 Coltii«sai ^ I tiiueii by muailtg into piips, ^ 

I'he two quahtles cl remelted |ngs, classes A 

and B,are then charged together into the <mpola, and when melted 
arc again run into pigs, the latter 'wh^ ^ agi^ 4o be remelted 
before being run iito the moidds., ; . ’ ; " . /; ^ 

The quidity of the latter mkinre & respects indicated 

in Table No. 13, page wHoh shb^ it^to be very strong and 
bending. The fracture will ^tari%' jbe leiind, dose in the grain, 
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yet it is not exees»T€ly Iwird or difficult to maohiDe. Thus we 
huve all the point^i which can. hope to obtain in one 

and the saiae. 

Under brands of iron is 

stronger taken by 

itseU.of iron in the 


fonndrjr* ^ 
nature 


■■v’/ri-' 1 ’ .. 






^ai$e a^rding to the 

exposed. It is 
rhioh pdlVi^ese qualities of 


Tarions casj^og, tliat hts^n tba principal 

advantage of; ^ s^^d fea^n, can thus modify 


entirdiy at 


to the exigencies 


- ^ , „ ^ 

of hie worh^' ,a|4. Ji^l^ ^ ^ ^ best 

adaptedai^'It?'^ 

A thorodgb/Be^uaihta^ wi^h the difibrent kinds of cast iron, 


and the mQlte::<d^ned h gil^ ' mixture, constitutes one of the 
qualiBcati<mii df Aiigbod It id like many other things, 

very difficult 1;0 acqiiir% aht'Can only be the fruit of numerous 
obswvations aiffi a lengthened experience. 

The kindfi: of. pi^ i^ which should be mixed to obtain the 
best results, depeni|^i^y"xauoh upon the situation of the foundry, 
and the qualities of iich, whnffi are most easily and cheaply pro¬ 
cured in tiie sxnffiedhi^ Itei^bomhood ^ and as the riffininal brands 
of iron diffeaf ctmei^rably hi quality in various localities, only a 
few gene^ j<^nsidei:atic^ can be mentiooed, as in purchasing 
tbe buyer hare to be^^ded mwnly by his experi^oe and the 
possiHlitke of obtaining an i^r^e as hear^hie requirements as his 


* . - ■ - - , . <1..' ' 

If pig iron is too grey, or top fipetogy,, it may be improved 

by adding hFo. 3 iron,;, or which are 


Very blach, gr^ hem wiff bear an addil&wi oi 80 per cent, of 
No. 8 jttg or.j^p.; jW which contains ite carbon is sne- 
cessfully impipipid by adding l^p. % until the wished-for steength 
and teif^ze are obtain^ Iron from diffierent ihrnaces ought to 
be mixed together, and^ if there is any pip^bilityof obtaining iron 
from different localities and different ores, it is to be preferred. 
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In all cases, howerer, it Is better to mix No. 1 of one kind 
with No 2, 3 or 4, or scrap, of anotber kind* 

A mixture which makes a dOSS 'ahd compact giey iron is the 
host lx)th for streng^ and ec<!mpmy/l^t In eadi instance proper 
consideration juRst be given to the puprpo^ for whi^ the iron 
is required, as it by np^ m^ns that a mixtnre which is 

excellent for one class i^df eastm 
another dass. . TbuS.i^ whmh’ 
small ornamenfol wi^-^conld not 
heavy machinei^, CT W beams Mil 

Iron which is a little cold Ji^rt^ contaxnjing a ^ght admixture 
of phosphorus, does Wjdl for sudb work; whilst for raiHngs or 
balustrades, or other purpose where the irem may he suljected to 
rather sudden strains, .the pig diould be foue grained and free 
from*phosphoms. / : 

In order to obtain a milal having the utmost slipperiness of 
surface, manganiferous iron is stron^jr lecommended. For heavy 
castings great ten^lo etrehph is required, ^iegeleisen 

should not be used; but if ah iron is required tiist will be good for 
turning and boring, as in the case of steam-engine flinders, a 
manganiferous iron must he used in such proportions as will render 
it most suitable’' for undergoing these operations. Spiegeleisen 
alone does not give the right metal, as it contains foom 8 to 10 per 
cent, of manganese, which is too large a proportion; 2 or 3 per 
cent, of manganese is the best for giving a good alippei^ surface,^ 
which will continue in the best order in working, and is 
consequently well suited for horizontal, stationary and locomotive 
cylinders, and for other sliding surfaces* A metal posse^ng great 
fluidity in melting can be obtained by a mixture of North 
Lincolnshire manganiferous iron with haematite and a little Scotch 
pig; this gives a dose miM which, though difocult to file, can 
be turned and bored with fecilily* By the use of the simple 
ingredient manj^ese, added jm |a!opmr proportions, iron for the 
exact character required for cylinders, aUdo valves or 

motion bars, (»n he obtained. . 

While ordinary cast iron smts sparks whdi run from the 
furnace, and often gives o£P oooaemimi bubbles of gas during its 
cooling, iron containing mangs^mse evolves so much oombustibla 
' e2 


0^' tdmhHy adapted for 
'cW casting for 
safofy bo tmed fear parts of 


t 
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^ tliat npon^the sur&ce of the metal while flowing from the 
furnace is a i^heet of burning gas. While t|ie iron is cooling the 
gas is discharged in nnmerons jets. Xrdti'eoniaining manganese 
retains after solidii^tion much more h^rogmi ihan cast iron. A 
specimen of each kind of iron weighii^ 600 grammes ^17 • 635 oz.), 
heated in a vacniim to 1472° Fahr,, gaTe olf the following quantities 
of gas;— 

- ChSTcwl Inm. ‘ ^i>geleiaen. 

Oarbonicaeid •• 0*6 •* •*, ^‘0 

Hydrogen .. •• •• - la-s 270 

Carbonic oxide «. ^ ' 2*8 .. . •» 0*0 

Nitrogen .. *. *• IrO *. •• •• 2*5 

The carbnretted manganese taJces np mnch more hydrogen than 
iron carbnretted to the same degree. It is seen, then, that the 
presence of manganese in cast iron increases mateiiaily the occlusion 
of hydrogen, and diminishes that of carbonic oxide. « 

When a tough, close-grained castiii^ is required, borings and 
turnings of wrought iron are often put in the cupola along with 
the broken pig. An instance of such a mixture is whgi a powerfal 
hydraulic cylinder is to he cast, for unless the metal w very fine in 
the grain it will be useless for the purpose. Care and judgment 
exercised in the preparation of the diarge of metal for the cupola 
will always bring ihdr own reward, and substaii^ally add to the 
reputation of any foundry, 

Morris Stirliug had a process for making tough iron, which 
consisted in putting pieces of wrought iron into Cast iron and 
passing them through the furnace together. Host practical iron- 
founders haTe .some portCcular mixtures iron to which they 
attach great importance, and with reason, for upon the judicious 
union of different brmids of iron the ultimate value of the casting 
for its special purpose mainly depends, and as carriage is an 
expensive item in dealing with so weighty a material, that which 
is lightest is, other things being equal, tiiie be^ iron to> employ. 


The Stbengtw of Oast Ibow as Affbcted by 

BlCMELTmO. 

Cast iron, although sometimes comparatively weak when cast 
direct from the pig, may have its stre^h considerably increased 
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by rrmelting, as shown in the d’Bgmm, Fig. 21. The metal to 
begin with was c mposed of the following:— 

Gambitoe No. 1 •« w- .* . •« |«it8. 

Skiuningrore Ko. 4 

Shop Scrap «« »• "*• ' *** ## 1 



The particulars given in the diagram ateiihe result of experi- 
incntfl by the writer, the defection for each additionnl load being 
cai-efiilly noted. These results clearly show thiit although tho 




















54 


POUNDING AND CASTING. 


ultimate stresgth of the inekl was gradually increased for each 
additional melting, the other important factcnr, “deflection,” is 
shown to have correspondiu^y decreased, ^e metal gradually 
becoming more brittle and (dose in the grain, until after the ninth 
melting its character was eomplet^y chia^jed from its original 
"‘granular” appearance to thit of “white iron”; previous to the 
latter state the fracture of the test piece was distinctly mottled. 
It is incorrect, therefore, to that remelting improves cast iron, 
nnless qualified by a statemS' as to the initiai properties of the 
metal to be treated, ateo of the purpose for which it is required. 

It nisiy be stated here that the above remelting would have 
been carried still further but for the condition of the metal in the. 
molten state, which had become so thick and sluggish (even at 
high temperatures) that it was impossible to obtain a solid test bar, 
the appearance of fracture at the latter stage being represented in 
Fig. 15, page 35, althoagh outwardly the bar appeared quite 
sound. 

Having thus got to the end of this series of remelting tests, so 
far as the present purpose was concerned, it occurred to the writer 
as a good opportunity to ascertain the effect of silicon inrrestoring 
the quality of the metal which had become white by remelting. 
For this purpose 10 per cent, of ferro-sili<X)n was added (equal to 
1 per cent in the casting producedh the mixture being melted 
again in a crumble and cast into the form of a bar. The 
results are indicated in the diagram by a dotted Ime, and show 
that the metal had really been brougM hack by the addition of 
silicon to a state of comparative usefulness; os seen also from the 
ractnre. which was now somewhat granular although close in the 
grain, hut solid throughout jb0 compared with the previous white 
appearance, which was extremely liard and brittle; also so sluggish 
when in a molten state that it was q^nite unsuitable for foundry 
purposes. 

In the foregoing tests, although the breaking load after re- 
meTing the l^th time will h© eposidered very high, the metal to 
begin with wa^ rather of an inferior quality.' ’^Another series of 
tests was made to ascertain the effect of remelting on pig iron of 
the best and most expensive qualities, for which purpose the follow¬ 
ing brands were mixed together in equal;'parte; Omt^ierrie No. 3 
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Summerlee No, 3 (Scotch blast), Blaneavon, Meddleifwood and 
Goldendale (English eold blast); ea(di of these brands had been 
previously melted once, ssp^tely^and ^iemaids in combination 
before casting. The first bar thh s^alfet^ pi bars carried 

a load of 39()p Jbs, id fbe a deflec¬ 
tion of *355 inch, which nf I5i*fin 


tons per square inch, as .deduced ''1^. '|»ge 33. 

Subsequent remeltings, as in ,general 


after thirteen 


tendency to raise the ultimate hreal 
times melting, when the maximum effeet; ^.a|;t&ed. fhe latter 
test bar sustained a Ibi^ up to 5I501W ^ 
breaking. The deflection jas *81 inch, and thexSlenl^ed tensile 
strength by the formulm :3&rr8d to, 18 *95 tons |)® square inch. 
The test bar was I inch by 2 inches by 86 inches, loaded at the centre 
as sl^own on page 35« Fig* 7. As in the pre^io^ rSmelting tests, 
the metal after the thirteenth test beealac slu^h and difficult 
to run, until at the oxteenth melting it.was impossible to obtain 


0 solid bar. ' . 

Having shown generally the nature'and dbaraete^ic physical 
changes brought about by remelting cast iroh* tlie reader will now 
be in a position to form an ofanma on ths^ .following ideas, as ex¬ 
pressed by that great master of the founder's art, Eobert Mallet, 


who says:— ; ' 

“Every melting mixes it up with ’more.or le^ finely divided 
oxides and riMcates, in addition to wiiich the earths, which are met 
with in the material? of the furnace, the fuel and the fiux, often get 
reduced, and their bases in minnte quantity alloyed with iron. 
The conjoint efiect of the foreign bodies imd ditfused oxides is to 
prevent tbe metal runnirg dem in ^e moulds,^ or making sharp 
sound castings; and &e pifect both of the dmt^od oxides and of 
tbe alloy with the metais of the eattiiy , Ibises, is to 

sensibly impair the ultimate cohesion of ^O.Cpst iron, 

“ Titese evils are masked, or rather may‘be pce^ 
by tbe increase of hafdn^ and tile pppios^ to^rda white cast 
iron, which are produced, by .each succeiBiye ; but tbe 

combined effect is not tUhV iff, im|MrpV6msat' ih tl^ as a 
structural material, but a^ 4eleripration; fi^' altiiough it is, ns is 
well known, a fact that cohesion of white cast iron is 
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iniich greater iban that of grey or darker coloured metal, its co< 
eiheient of extensibility at mpipro is a grt^t deal less; in other 
wordsi the stroi^^ hot so tongh. 

“ F^r as.^thets J^eeting the facility and 

peTfecti(»» : it is to 

to te'l him'-i^t the oftener he 
melts to times* at least, 

the better it are these :—1st. Every 

additional m4ti#; ir<ai.;|^^ or is likely to injure, its 

qaalitjas a struedhn^ addition of foreign sabstances. 


Thes|||ednce,the coefficient of resistance at rupture, 


and may or nmjfnsdnee that of nlt^te extension; that is, tlie 
metal, by rejnelth^^bebomes ^eaher,ah^ma^ brittle. 

2nd.. Ev^ addiidei^ hpoHng after melting increases the hardnens, 
density and cod^Ohi^ ! resistance at rapture of the metal as> last 
mdteAt but constantly d^i^es the coefficient of ultimate extension, 
that is, the meted ^ becomes stronger, but more 

brittle. effects is femnd at the point where tiie 

whole of the ^st ifon lims imssed into the state of white east iron^ 
as it is prodno^-^in,J?&o chill,’ or in the ‘finery ingot.’ The 
effects firh mordita^^ae respects the in proportion as 

foreign bodies., baying more powerful affinities, and in larger qnan- 
titi^ are presented toJhei^t iron in the furnace; we may add 
also, as ^0 nalworof tBam'bodies shall be more or Jess injurious 
when (wbin^:^rewith ; and as respects the eoeltnff^ are more 


rapid in ^rophrtion as the rate of cooling is more so. 3rd. The 
conjoint'effect of repeated and alternate melting and cooling thus 
may or may not result in a inaterial possessing a higher coefficient 
of ultimate cobem^n at ruplili^, but will always result in one more 
brittiei and thus of less ijn phtce of fjgreater) structural value. 
Ajs respects jffie If of ibe material iron-founder’s 

tiO'^r, ite modldi^ ;|ff d^^miorated. 4th. If 

the c»^ iron be a^med to he very 

bnght grey iron, or white iron, then it^is certain that 

the effeefs subsequent melting, nn^ the ordinary con> 

dit^ehs of cnpbla pr air furnace, muj^ prpye deteriorative, and 
that only.” ' 
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Casting direct eeom the Blast Furnace. 

Tn the production of goods, Rudi as, for insiance, cast iron pipes, 
in large quantities daily, tl|e ^ ^ pig iron becomes 

an item requiring CMinside^ble the expense 

of which some iron xnastist^ foundry 

business such as that referr;^ |>hui of tapping 

their blast furnace and mxxdog ladles from 

which the various moul^ are cast^^wtead nf tunning it first into 
pigs. The natural result of this direct method is that the eastings 
produced are very irregulat in quality, some of yrhich vnll have 
the characteristic properties of No. 1, or hij^ grade Iroa^^ while 
others will be of that corresponding to low grade pig iron, 

just as when a bed of p*ron^ is cast it is found to yield iron of‘ 
dilierent grades, necessitating the usual Sjelecting process. 

Hydraulic and town water-supply pipes composed of the higher 
and softer grades, will be found during the usual hydraulic tessts to 
be too spongy, and sometimes burst from weakness, while those of 
tlie lowest grades are generally so hard and brittle that they crack 
readily, even during the ordinary handling at the works, and 
alterwards during transit, resulting in at^xcessively high per¬ 
centage of breakages and corresponding trcnilb; ^ that, altogetber, 
direct-cast metal will be found unsuitable for such work. 

This process of casting direct is not generally known to en¬ 
gineers, and in such cases tbe iron masters, adopting the unreliable 
practice referred to, often derive at once an advantage not merited 
over other founders, who faithfolly remelt the whole of their 
metal in order that it may be thoroughly mixed and of uniform 
quality throughout Engineers, however, who have b«’Come aware 
of tbe practice of casting direct as described, take means as fiir 
as possible to.prey^J^; they usually also insert a special clause 
m their specilcat^jKlqr sii^ work, insisting that all the cast iron 
used must be reuelh^ in a cutMiia or other ntutable remelting 
furnace, * , 

Various methods have beem adopted to obtain a uniform mixture 
of the metal m it leaves the blast |t]^a;oe> and preykms to running 
it into moulds, in order to avoid the'cost of remelting otherwise 
necessary for foundry purposea, but these, so far as we are aware, 
have not been successful , 
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OHArtEB it 

ON SOlfl^ F0IK79 OMlStkD IN HFSIGNING CASTINGS, WITH 

KSPFOlAf* BSFBlISNCm TO TBN C&FBTAI.LINE FOAHATION OF 
if|;iAlA' ' 

It seems soaxidBly po^ble io exap^gers^yibe importance in design¬ 
ing castings, of so arranging their as least to interfere 

with the nainrai Jaws of crystallmtion, which com© into ]>lay 
during the ooolin^^ the metal, * 

And yet this Tital point of the founder’s business has receive! 
but comparatively little attention from scientific authorities, and 
with the exceptron of ’a few able articles on the subject from 
llobert Mallet, and some excellent advice contained in 

Professor Kerl’s * SyHurgy,’ there are few worjts in which it is 
possible to fend ih^^^pilirmHiion. 

The reason Is not; ^ to seek. Practical hard-working founders 
learn jErom Hth^ an^. costly experience to understand whnt designs 
are likely to reimlt in faulty castings, and the exact points at whicli 
they will fell. But ^es© persons are not writers of books as a 
rula They content themselves generally with i^nting out such 
a modification 'in the de^gn as will remove its objectionable 
features, or , send in a v^ high tender in order to cover all con¬ 
tingencies in the Ji^pe of An exception to this rule 

occurred when A, OublMge,' of^^l^^fesb^ugh, read a 
thoroughly pxactlciil. paper on this subjee^Vpfe i^ich a few ex¬ 
tracts are appended.- . ' ^ 1 .', 

It is of vitM ^ppttance th^ anyto wh^'may have to design 
castings should Aordughly.undmtand the problem, “How docs 
the shape of the ca8ting.jdlow the fines of crystallisation to flow 
so as to keep them in -the'most compact, form, and so that the 
molecules are not separated by any unnatuml force ? ” 

The following remarks on crystsdHaatiofi will have no reference 
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cither to iron or steel when it has n^ergone the process of either 
rolling or hammering* for these m the molecules as to 

direct them from their they pass from a 

liquid to a solid state, onr attention 

to metals paMing.hy the act 
of crystallisation; au4 brass, for 

it is to these that the 

attention and to exercilse his the founder 


attention and to exeitjfee his’SldM^^/^A.^lne^psatly 
gets the blame wh^ some porfen has 

failed, even when no d^e^are api^rent to the dninltiaied. It is 
asserted that the fonndem have not pni good mehil in the casting, 
because it has I een ca;lcn|p|^ from ^^roper formula what quantity 
of material should carry.^^ load] i^uired. A,t the same time it 
has not been considered in which v^y t^e lines of crystallisation 
dow,* nor by the addition of many excrescences to the casting, that 
they may have so ^tortcd it as to render it comparatively a very 
weak thing. , ' < 

Iron which has been poured into a mould, on changing from a 
liquid to a solid liate, becomes a mass of ,^stola These crystals 
are more or less irregular, but the f0nn||i^d which they tend, 
and which they would assume if Gircumap|p^ did not prevent, is 
that of a regular octahedron. This is an eight-sided figure, and 
may bo imagined to be formed out . 

of two pyramids, having their bases 
together, =i 

In Fig. 22 Is a group of crystals 
from pig iron, among which one has, 
hy the aid of fevou|s|^e ^.oirenm- 
staiices, sucKjeeded in ^gaming the - 22 

natural form. In perfect crystal s 7; ’ * * 

of iron all the linel^nmg the opposite angli^ are of equal lengths 
and at right anglos to each^ijfeh^;.:' 5^ese lines nre called the axes 
of the crystal ., ’ •'fv ^ * 


of crystallisation; and;.|B'dre p^ti 
it is to these that the l^nuieU'. 4 




; 22 . 


r ' S * ' 

inmg the opposite angl^ ,are of equal lengths 
t each^ijfeh^.:' These lines are called the axes 


Concerning this fonnaiaon cl "i^^als, Mallet ob^rves: “ Ibrns 
a law of the- molecular aggreg^^on of ciysfidline solids that when 
tlieir particles coiiSoUda^,U«&f.|[^ induenoe of heat in motion, 
their crystals arr^ge ani|,;^t^l^mselveiS with their principal 
axes in lines pei|fodic«^;,|o or heating surfaces of 
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the solici, that is, in the direction of the heat-wave in motion, 
which is the direction of least pressure within the mass. 

“This is whet^r in #e base of h^t passing from a 
previotaly fused solid in :ihe 8ct:o| ,a^ crystallising on 

eou^lidatiop, <n of d solid not .hayh3i^;a ^ bnt 

capable of a^mln^-cne ^ing sufficiently 

raised by heat 1^ so passing into it. 

“iFoc exoinple, tyi an;hl^ antimony, bismuth, 

zinc, hard white Oast ir^, Or crystallisable metal or atomic 
alloy, or even any binary or ^te coiapotind salt or hyaloid body, as 
sulphide of antimony, calom^ i»l*ammOnioc, various salts of baryta 
and lime, chloride: of »ilv^'^|'lead^ or even organic compounds 
such as camphor end eperi|l|&ti, proved they only be capable 
of aggregating in » cry^itsll^ne form iinder the infinence of change 
of temperature, as from ^fu^bh or sublimation. If an ingot or 
mass of any such body be When when cold, the principal axis of 
tbe crystals 'will always ho found arranged in lines perpendicular 
to the bounding plo^os of the mass, that is to say, in the lines of 


direction in whidji the it^ve of heat has passed outwards from the 
mass in the act ol^|p|dation.*’ 

Now, east iroh flppe of those crystallising bodies which, in 
consolidating, also this law more or less perfectly, according 
to ^ conditions, so that generally it may be enunciated as a fact, 
that in listings the planes of m^stallisation group themselves per¬ 


pendicularly to the surface of the external eontgfur; that is to say, 
in the direction in which the heat of the fluid cast iron has passed 
outward from the body in cooling and solidifying. This is because 
the crystals of cast iron aie always sma^ and are never well pro- 
nounc^. ^Hieir Erections are saldW Uppa^^^l' ti) the eye, but 
they are not the iW development depends— 

1. Upon the bbaiacter of cast iron iteellj-whether or not it 

contains a large quantity of ebemically uueombined carbon, sus¬ 
pended graphite, li^ich Karsten las shown to be the case witli all 
q|8t irons that preset a :ccWe> large-grained, sub-crystalliiio, dark 
and grajffiitio, or shining spangled fracture, fiucih irons form in 
castings of equal size’ the crystals. ■ ; . 

2. Upon the size or taass .of tije citeiihg; presenting for any 
given variety of cast iron W "largest itod c^fest aggregation of 
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crystals, but by no means the most regnlar arrangement of them, 
which depends chiel!y npiM— 

3. The rate at 'whwh the ^ been cooled, and 

the regularity^ with: which by conduction 

from its Burfa(;es totboi^ dfthe and hence 

it is that of all castin^^-ll^h^ ’*'^that is to 

say. those in which . and 

very thick mouH ot c^ iri>n, whose l^igh' power carries 

off the heat—present the most Complete and p^ect dev^pment 
of crystalline structure, perpendicular to the c^Ied surface of the 
casting. In soch the crystals are^lteu ifound penetrating to an 
inch and a half ot more icdo thaseba^ metal clear and 

well defined.. ‘ ; 

Those prevailing directions of crystalline arrangements may be 
made* more dear by reference to A, B and 0, Fig. 23, which are 


A B 0 



Fio. 28. 


sections of a round and a square bar of any crystalline solids or of 
cast iron, when the crystallisation is well developed, the circum* 
stances affecting which we shall consider further on. In the round 
bar the crystals are all radiating from the centre,; in the square 
bar they are arranged f)ejq)endiculwly to the i|^ hides, and hence 
have four lines, in the diagonals of the equar^% i^ich terminal 
planes of the crystals abut or interlock, and about which the 
crystallisation is always confused and irregular. 

At C, Fig. 23, is a flat platb id seotiom The direction of the 
crystalline radiation here follows the plan^ of t^e flgnie, with the 
exception of one deviation; ^ in it aye tiie same diagonal lines of 
weakness. The pairs of Aia^dia^ jonung Bie comers nearest to 
each other, are joined by a long patalld to tbe two long sur¬ 
faces. This line is also a as the lines in which 
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the crystals assemhk in the systeo^ heloDgmg to each surface 
begin at the the^^ling toward the 

centra Wheii. tfe' -mw not form con- 

tin uons line^; ' 

peanmce*^i^;i]k|''^"h^ it. :ferea hut if siicli 

casting'are lo''Wi'fhe position, and 

assemble in lih^ ^pen^iet^^j^Vlh through which the 


9 


heat entered &e easting. 


the he^ ihe more marked 


will be this peculiar 8lxui!!j^]^^ ahd:;thah^^ as bef(^ stated, applies 
equally in &is case, ,^; ’^^;^sta£s tnally assembling in lines 
perpendicular to heated. 

!r*hiS 'Can he '^R?i11nLiAT««ii»v 'mn«ma«> •_HPoIrA 


ipanner;—Take two 


pieces of riho. whl<^ hafiS into n sh^tjand heat one 

of them just helpw. the htoteng'^^ To iltue^ate the point in 
question, it must he rhmjatked tlmt rolling any metal into a sheet 
dongates ^oh <myi^ in a direction perpendicular to the pressure 
exerted in rolling, that is, lenglhwise in '^e sheet, and if the metal 
is drawn into wire, the crystals are lengthened in the same way. 
By bending the piece of sino that has not been heated, it will bo 
found that it is Wgh,%nd can he bent many times without break¬ 


ing the ciy'Stals lengthwisd* Take the other piece of zinc that 
has been expe^t^ heo^ It the crystals l^ye turned round, 
and haW %rnmd themselves & lines perpendkular to the surface 
through wM(^ hk,t eakered,t ^d it wilT break when it is bent. 
The peculiat crystalline structure is varied somewhat by the quality 
of the metal u^, but it depends more directly upon the amount 
of heat passing out, or, m lasting, upon the rapidity with which 
the operation is pM^dd. 

It may here heSmark^ fhat' ln ^sting large thin plates, such 
as dooring plates^ it is the practice of the founder, when they are 
cast open, to cover them over, with loose sand as soon as the metal 
ceases to he liquid; and then to reniove the sand, so os to ex}}ose 
the surface of tire, m^l to the action of .tlm air in a crosswise 
direction, as 4iowh ad 23; tiae so is the 

more rapidly to cool tii^ |^ti6us wl|&i^^ is longest 

in taking place. If th& he done, t^;,plate not nnfrequeutly 
** hucklei^’* and thereby los^ i^^nnilhttf 'leTal aorlEioe, or sometimes 
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it actually splits asnuder. One of the diMculties founders have, is 
to keep large flat plates straight, or J&om flying into seyeral pieces. 
Wbenever, therefore, it is possihle^i^ lines of tlie 

weakest points, and theire% to J»pid cooling, as 

near as possible-to the ol^ei’ This 

ciimiot be done at all ion^, lot |t to 

uncover those portions of portions, 

which would thus cool too ri^ly/>i^ evil. 

Thus it is that sometime ihu<^ Jhdgmm’^ 29 as to suit 

the conformation of the easting, to x^uce ^e of crystal* 
lisation into suiidi fonns as will in some measure amt destowtive 



fto. 24. 


changes. In the large cirenlar plate, to which is attached a large 
portion of a cylinder, as seen In Fig, 24, it wo^ he most difficult 
to get the portion to cool, and tiierebylc^atailise in the 

same ratio as the outer edge, for the heat is so much concentrated 
in the centre that those portions the mould cannot he removed 
until crystallisation has almost conm'to rest. It is of great im< 
portance that the proportion^, of 1$^ ; meted should be arranged so 
as to neutralise those two, a^^^ to reduce the 

linos to a minimum. If A plat^ 9 diameter, be cast 

and cut^m the edge to ihif^fere^ as in 25, the contraction 
of the iroh by crystallisation gives inn opening of l:i inch. The 
neutral strain wn this plate must be very great, and many such 
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castings fly into pieces upon the least heat acting upon them. It 
k therefore necessary to r^rmnge ite formation so as to reduce 

, ^e orystellisation tb a iniJaimTinx. This can he 
by changing i^e form from a circle to one 
oof the fi^xapG se^ in fHg. 54, Ijaking off four 
:ei4es, and thus redmmg the strain. This ex- 
i,ample show# important it is to pay strict 

^if^' iatteniion hi iS® lillowing out of natural laws.’ 
Jb'iii. #5. ^ thctee who have the designing for work 

would giim indm attention to such points as 
those indicided, it would he .^0 means of saying master founders 
much money and ti#^ a^ the Ip^er a great deal of anxiety and 
trouble. , / Vv'■ 

In Fig, 26 a' Sec^oxi; is ^dwn of a hollow cylinder in which 
; #16 arrangement of the crystals is always 

' toward the centre or axis of the cylinder, 
whether the casting be that of a water pipe, a 
gnn, or a mortar. 

In Fig. 27, A represents a portion of the 
f lower end of the cylinder of the hydraulic press, 
ns first made for raising the tubes of the Brit¬ 
annia Bridge, and which broke in the attempt, 
, < the end of the cylinder having given out from 

the sides, as shown at B, Fig. 27, under the severe water pressure 
to which it was exposed; thotls to say, the fracture took place all 

A B 



Fiq. 26. 



1^0. 27 



round and along the plane of juncthm of the c^rminous crystals 
formed perpendicularly to the external and internal surfaCls of the 
bottom and of the sides of the cylinder. This proves that such 
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planes of junction are pf in which the 

cohesion of the metal is ie.% tl^ jn;ot|^ the mass. 

Ihe particular foni W ^e by 

]Mr. Stephenson arose, of 

the fact that the hractare of the connected 

with the sharp and sudden 
apnarentlv anT clear OOneebtioa hairana’' 


been entertained «f the crystailine laVa 
upon which the fact depended- A new 
cylinder was accordingly mad^ and ft 
section of a portion Of is fepre*. 
sen ted in Fig. 28, ,!Kus stood the' 
strain put upon it, and remained nninj^ 
jiired. i 

Here the principal axes of the crys^ 
tals are all directed to the centre. They 



I'wi 


therefore gradually change their direction, and, thus no pknes of 


weakness are produced. These considerations explain the general 


law as applied to cast-iron artillery, and which is as follows:— 
“That every abrupt change in the form of the exterior, every 


saliimt, and every re-enteric snglo» uo matter how small, upon 
tlic exterior of a cylinder, ^n, or mortar, is attended with an 


equally sudden change in the arrangement of the crystals of the 
luctal, and that every such chang^iB accompanied with one or 
more planes of weakness in the 

Theipsataral remedy for this js to avoid iaU shc^ angles, 
allowing the metal, when possible, to flow in curved Ih^ instead 


of sharp square comers. , 

In Fig. 29, A, B are soctkms of ft east-^U gun; the 
furmer. A, is part of the breech through the ** v^field ” square 
to the axis of the bore, ftud a section nm the trunuian square 
to the axis of the ho/e. 0 is the section of a reinforce ring. - In 
the plane of the axis of all these there'are ^Own, in an exagger¬ 
ated form, the direction of and ihe planes 

of weakness resulting from it / / . 

It will be remarked that tike prijgeciiohs of the “ vent- 

field ” produce at each angle ^lan|^ weakness which, in the 
case of re-entering angles, penetrate deep into the body of the gun. 
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That these planes inafly 5o eaiisA is erideiiced hy the lines of frac¬ 
ture in hui3Bt,,^aniy%^i@h , ’alino»t’the angles 
of the said of hydraulic 

yUndeii connecting 


pipe aj^/j 
lil» ov^ <! 
fail m' i't 
of these 




t#' 


guns. A gun, 
»: Mi'laik''nj^ strain, must 
i&aptnre and position 


renaathably. The con¬ 
clusion. thei^iNt©.S6eta#'^1^ however incapable the 

unaided ey^‘'|aflf '|}0,io in the crystalline 



_w vnribns patts <rf such planes of weak¬ 
ness doi and hum ^ causes pointed out. 

Tg obviate, conditions, it is best to cast a 

cylinder tabd liolldw, to suspend, M core of the mould from the 
, top»jpr hea4,%aki|> down the interior ol the core, 

and Mn ^^Jeci ai cunconi of coB air mto the interior of the cast¬ 
ing.. interiors; cold air 

is, hol^eve^inA easyijf ai^liea'tM^l^ and more 

effective.' ^eiact is, thiii/b^’uhjeicimg, down the core, 

the centafal heat is reduced: tod placed oh' an equality witli that of 
the external surface, thereby producing rapid crystallisation. The 
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densities of the outer and mner are also thus made uniform 




with each other. , i ; . 

^ Now, as regnlanl^ east iron 

depends upon the lulled cools and 

the wave of beat m ta»hsi:n|tt^'.,^^^>i^\li^t^^ snrface, 
arranging the i^stals in the b^nsit, 

so the extent of develoj^n^t (or# |8i.#jp;|i«n0 tlu^ the size 
of each crystal) depej^ hpon ihe Jbig^th hf j^LhiO .dnrhx^ which the 
process of crystaUine tbill li^ to ^y, upon 

the length of time thd;iS^li|Xg tal^ to cooh i ^ 

The lower the tein^ratniw at ^hich the Hpid east iron is 
ponred into the monld, and the mmre zapidlf the mass is cooled 
down to solidifiofttiom the closer will be the -grain of the metal, 
the smaller t^;eiyBta]s, the fewer and inJtmoTis the planes of 
weakiltesa, anl|pie greater the specific gravity of the casting. The 
very lowest temperature at which metal can be poured, so as to fill 
every cavity of the mould without risk of defect, is that at which a 
large casting, such as a heavy gun, a hydraulic cylinder, or a large 
anvil bh»ck, ought to be produced. |t is h^e, however, that the 
difficulty of tlm founder begins; and especial^ where castings of a 
complicated form are required. The point, then, is to get every 
nortion of the mould filled without coM shots, or collections of 

A 

impurities arising in the metal from eddies or other obstructions. 
It is thus an absolute necessity tq, have the metd as liquid os 
possible, and to get the mould filled as rapidly Us it can he done. 
Founders know well that accumulations ^ a deterii^ting kind 
occur with dull metal and slow running; ' ^ experi^ice has 
flight that castiugsam .imxijh more free .of cold 
shots and impurities, hy^iusing Imimkid, 
lisation is not so perfi::^ in hjsavy castini^.,. 

Irons are often melted degrees of 

fusibility; they will perlmps properly with 

each other. ■V:/-.; / 

These irons, rinriuh'un¬ 

equally, and not- 

body, hut existing s^rat#|!^’^'^ other, and, if 

possible, pull compleliely awa^v casing to break. No. 1 

iron has a higher meltmjg Ko. 2, made from the same 

• ’ - ■ J. 2 
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ores; and not onIy,4o diflfeent graieg of iron shrink differently', 
but of east^n^, casting will 

shrink one., ;!.3®;acew-'^'h€^ in every case, 

howeveof, i^esaes'^i^nkage. lowerpoint tho 

less shrtnk^e. Ksped^i^ts sh<i^, esha'tlio other alloys, 

that a n:|.ikinro of two.brands ^>iim d lower melting 

point iban ©ithefr of them wheiifns^ ^spara^ely, and, on the other 
hand, a mixture of a hnmber of bj^ads of irc^ may have a higher 
melting point than any one, hf ^ ^be. brands nsed singly. 11 is 
generally consBered that ehhrcoal ha^lngher melting point 
than coke iron. Following np the statementihat of castings poured 
from the same iix% tlm lighter Shrinks tiaore than the heavier 
casting, it follows that in: making a pattern no part should bo 
thicker than another, ;’Cl!f course it is not possibl^in practice to 
adhere to this axiom. Much, however, may be dappto avoid very 

sudden contractions in shape. Fig. ,‘l(‘ 
is an.instance of one of the worst forms 
lor a casting, with a thick part and a 
thin part immediately adjoin hig. 

1 he thin part naturally cools first, 

■ Fro. SO \ ehrinkihg down .to its final dimensions, 

leaving the thick portion still partially 
molten. When the thii^ portion cools, the paiticles next to tho 
thin part at A B tend fei cont^t away from the part ab'eady cool. 
This may cense . the thin p^ to, buckJe/out of shape, but the in¬ 
ternal strain in any ca^ will be such tliat a very slight blow will 
break the casting in two. ^; . . : , . 
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“ Fuel, in the Qr^§^;ilioo${>taiicii of ^ 1^, is o»:l) 0 &aoeon 8 
matter which may he la the solid, the liquid, or ih the gaseous 
condition, and which, in combining with oxygen, gives rise to the 
phenomenon of heat.*’ Such is the definition of Dr. Siemens in 
a valQable pl^r on and the leatued doctor goes on to give 
the following description of its action and power. 

(Commonly speaking, this ^velopmeiit of heat is accompanied 
by flame, because the substance prodmsed in combustion is gaseous. 
Ill burning coal, for instan^ on a fire-grate, the oxygen of the 
atmosphere enters into comtjiaation nith the solid carbon of the 
coal and produces ci^nie acid, a gas which enters the atmosphere 
of which it forms a necessary constituent, since withont it the 
growth of trees and other plants would be impossible. But 
combustion is not necessarily accompanied by flame, or even by 
a display of intense heat llie metal ms^esium bums with a 
great display of light and, heat, but without flame, because the 
product of combuaticm is not a gas but a ^lid, via., oxide of 
magnesium. Again, metallic iron, if in a finely divided state, 
ignites when exposed to the atmosphere, giving rise to the 
phenomena of heat and light without fiame,. because the result of 
combustion is iron oxide or rust; bui the same irw, if presented 
to the atmosphere in a solid conditioh, does ignite, but is 
nevertheless gradually converted into metallic oxide or rust as 
before. ^ 

Here is then combustion without ^ phenomena either of 
flame or light; but by carefai nXlieriment it is found that heat is 
novortheless produced, and the amount of heat so prodiicetl 
precisely equals that obtained nttJrerapidly in exposing pulverulent 
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iron to the action of oxygen. Only la tlie latter case the heat is 
developed hy-jteAaooii as produced, 

thd rate of 

dispe^Ba^(«i^^^;||^<^,i^j&|^iK^ of raisin}^ 

the that wo 

have 'to which 


which in so' 


'V lie*'11 ^ ' • ' 


In''tbn9;i^nihg’>iaei,^Sbf^0ii^^ 'sight that we 


should Bnd npn;;<»ir.''#ar^i..^:)>gi^;'y|pl|^^ niexhausiiole 

supply of suhStemGe#'' J^^''{btij^t^’^^^^ head ; but 

a doser inv^gath^ is, corn- 

paraiavdy i^ealdng, The eup, whose heams are 

the phydcai ^use of e^^thing t^ moves and lives, or that has 
the pow|^ witttat^ll^lmpari^g life or motioh on our eaith, is 
made peroe|^ildn to Ih the form of best; hut it is fair to 

a^, what is heat, thiaLt it should he capable of coming to us from 
the sun, and being tre^r^ np in Our hid deposits both below 
and on Idle surfiwie of the eftrihi ? " ^ 

Heat, according tO the is motion amongst 

the particles of suhstnnee heated, which motion, when once 
produced, may bo changed In its direotion aiw^ts nature, and thus 
be converted Into ! mecbmiical edect, expiessihle in foot-pounds or 
horse-poiR^!^ By mtehs^ing this motion among the particles, it 
is made evii^ni to nut visual organs by the emanation of liglit. 


which is vibratory n^on Impaired by the ignited substance to the 
medium separating us from the sumo* "According to this theory, 
which constitutos opiO of tlto nn^t imp(^nt advances in science of 
the present oentu^, heat, llgnt, ebetridty, and chemical action are 
only different mtoifestotibas W!/^ energy of matter/’ mutually 
emivmdahle, hut as iudestmd^le as mato. itsdt ihiergy exists 
in two fo^, " dynamic ’* Or “ l^n^ energy/* or force manifest¬ 
ing itself to our sensM as weight iin tootion^ .as sensible heat, or 
as an wtave dedmc^ dlireni j and ^‘ pptotial toergy/* or force 
in a doimimt con^^Ohy In jluiti^tioh df: t^ forms of 
energy, take the case of lifeg a;^dght» say toot high. In 
lifting this weight, kindio, muscular en^^ to be exercised 
in overcoming the force of ^vitaM^ .^tho ead The pound 
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weight, when supported at the higher level to which il; has been 
raised, representsone unit or 
foot-pound.” 'Th^ in impart- 


iug motion to !ne(^ai]|^';^ 
amount of *' work ” is 


a unit 
it, then, 


when raised tlaott^li repre¬ 
sents, mechanically ^ 8 ^) 08 ^%, the > 

same pound of carhon 

from oxygen, to ’Wh)^- is 

capable of deveh^d^p^'' or 

unit quantities Vlie^yW.-the ^mhina- 

tion, namely, exc^l|i?ids^p^*cai hJ tein^rato in 

other words, the mecliiteW ^ergy set the ocin&lmstiPn of 

1 lb. of pure carbon, .is the safiae as .he required to raise 
11.00p,000 Ihs. weight 1 foot highv:::^Pto. w^d sustain the 
work which ,we call a horso^ppwer dtiilng'6 Incurs 33' niinfites. 
In buruing 1 lb. of carb^.in the' prince of free oxygen, ear- 
bouic acid is pimlTiced,s^d:14,5(>U units of heat (a unit of 
heat is 1 lb. of water ,xa5|^„:throu^ Fahr.) are liberated. 
Each unit of heat is 'coii^ iMp fe.^as iffoved by the deductions of 
Mayer, and tlw actual mo^ptoents of iTouie) into 774 units of 
force or mechanicar energy; hence .1 Ih, of carbon represents 
really 14,500 X 774« 11,223,000 units of potential energy. We 
thus arrive at the utmost limits of work wMoh we can ever 
hope to accomplish by the combustion of 1,:^. of earhonaowus 
matter. ' y-.. 

The three great hranohes hf the consumption of fuel are:^ 

The Production of Smm Power i > ,, , ' 

The Dom^te l|teatS!th.; ^ and , ■ 

Metallurgical'-and r; 

_ _ to in m 4^> 'i . ' ‘ I* * M ^ i * 


In each 


that is to 


say, that owing to defecfive<^^n®^hinErtog^enti the utili¬ 
sation of the heat.ohtainedr nothing at 

Having alluded to might 

he effected in the twoiaenticmed, which we 
need not here rcoa^luliti^^|)n;^^i^^ to considor the 


t'onsumption of Fuel in ;Sh 


ions. The smelting or 
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metallurgicalfurniwje consumes about 40,000,000 of the 120,000,000 
tons of the cpal piii^uoefL. is improvement. 

^ ~ - lik j^of iron upto 

is Wre in excess 
thsn is the 
I'^w^ and to domestic 
Iten and the 


weldh;^^4vp 'lf%uire *114 x 2900 

= 3^, hiii4;'''*tnite,lo lieaVMlkivW iim' , A,|)6und- of ptire carbon 
det^ps 14,5()0 hest lini^ 12,000, 

and 

to the Wding'pbiht^'' '‘SP' 

in an bFdina^ of coal heats only 

ton of iron, and thei^feteduces only ^ part of-iAhe maximum 
theoietW' ^i^iL ^ t I ton of steel in pots, tons of 

coke melting point of steel at 3600'' 

Fahr.^ ahd the specific heat at" 119, i^||akeB * 119 x 3600 — 428 
heat unite to melt: « ]^un4 of steejl;' ^5^^™ taHng the heat- 
producing power of 000 ]^ coka ^^^ O' at 12,000 units, 1 ton of 
coke onght ^ he able to n^it. 2^ wpf eteel The Bheilicld pot 
steel-mdting luirn^ f^^r^oire nt^^tilises part of'the theo¬ 
retical heaf dijiveloped in i^e (^nibu^on. 

As the subject of fuel has still a wider field in foundry practice 
than simply r^ik^pn td tiie melting of cast iron, some further 
reference regaaidinipieand temperatures produced 
by the oombiiatkxA ^e tez^us of fuel adopted, will be oi 
interest -■; ‘ ^ 

In deaUp^ wttli the following data will be 

found useifiil:-?-. ' -v ^ ’' *■'' 


> ■ ' f ( 


l^smsuiac. 


Sp^dBs DciA 

. ■ CsrWie A^^CCOs) ' 'J*. " ' *^164 


; Whl^ east itm (Cl) '• ' ? I3t)0 


^ ^ i;' „ '''*2479 

i 'diqr«ffli,fi'ber(0^ , *.! ' ./■ ’ '•» '*2182 

.'iritrogen(N)^.., .. .r*8440 


«• «« 


Air, atinoephsi^.i^O10 

SulplmrooslK^dCl^a) i 
Water 


1 » i^v, » ?' ? , 


; ‘2%i9 


r *S 0 ^ IM 


''*J55S 

„ ,*V l-iwoo 




COMBUSTION OP FUEL. 


Heat Detbxx}fed by Cabbob ▼hek Oomfuctelt ob Pabtullt Bvbnud. 


s. IR.»/ 'i.'iw' ::-, 

lOrui ’ «*»' I*!*',, ^ f''^'■,' \'' v**v ti ^- 

4. 1 lb. of '(pQ}j\i$:pn^\'jp^ 4'‘'si5v'-'-'' 

ooiti]Jlel.ply, U fiMfjtt''- ^ ’'.; ;, Vi.,' 43'^^ji - vT' ’> ■;?!** '., 'v;f ^ 

5. 1 lb. 0 / «at?pfe«r biuiittd’''-'4’b83 ' 

to form .m •• •' «• ^ «iit^ I'' 

The amount of «tate4 m iSxatnplo'l^d;. 2 Is derir^ from 
the direct experii^tifeV reaolta Stated in example Ko.. .4, the latter, 
of which requir^ tq> multiplied by J in oi^er'io obtain the 
value of 1 lb. of carbon in the foscm of carbonic otide as distin- 

s 1 , , 

jijuisbed from 1 lb, of earbonic oxide, ;wb(|cb contains only fths of 

its tqtal weight as pure carbon, ',/ 

In example No. 3 the result is deriTed inferentially by simply 
taking the ^eren^ pf results stated in Nos. 1 and 2. 

In examples NUSr' E and S Jt should be noted that, although 
the quantity of oxygenfecmr^ining mid the weight of carbcm con¬ 
sumed are the same in bo^^et the amount of beat developed in 
No. 8 is much greater timn 'that obtained as in No» 2. These 
values are obtained in the following proportions:-*-' 

Units of 

Totall»o^obtained asia Na 2(seeirndsta^ 1009 1 __^268 
Tnial boat obtained as iHTlI^ol 3 (first st^) ’^ 4403 i ’ , 

The different^ of heut obtained in these two stages of com¬ 
bustion, each of which involve the same amount of ohmnical 
combination, is understood to be absorbed in h^i^pinmng the solid 
carbon into a gaseous (H>mpound dumg B, by 

reason of which the heat represented, 1^ ;^e i^#eiu^ has become 
latent. ‘ " 

The total heat of ccmibust^ <a«mple Na 1, it will 

be seen, is the sum of Kos. 2 Taloes are 

as follows:—• '’'-iV -'''v; ' 

N 0 .I. ,'■ '■'Nttla.’’ ; Nn.iC^' 

• 3*288:.'v>,v“ '■ 

To folly appre0mte..1h^:>'^*f^^all the more 
important when it in many Instances, such as 
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cupola working, a p^ropoA tile fuel used is only 


Ijurned to 
starve it m 




Ho. 3, at which 


with 


‘ JkOJt 


— ^ ' *^T,v, » 7'T w / r^TT** ^ 


whwe it meets 

j, 

^ as m example 


unavailable, as 


;^ *i 8 econd stage, 




and IS’m 


anttoyairoe, .'iy'-TeasHW- 

fumacenaeti -a*e;«po^r;’'J. 3 |Ss;;pfet^^ 

at tiie'ciMtlu;iM^c^'cl:;a''W& Njbbe.cl 


flame produe^.by ipm j 


' ' . f .'■* 


the charge; 
considerable 
to which the 
'flame usually seen 
iibe colour of the 


ijniosranmo Aib.* 




<«.•« r ^ ii' .■. >.•**>!?_ 


KitHe add 




' i ' * <In * I ■ ' 

Am, howeVeir, soi ifer jss its di 
foundry puiposi^ is coneermsd, ma 
posed of oxy^^ -imd nitro^, he 


Tra<te. 

Trnees in 
t<mn8. 


)ibrj(im^;'i^ metallurgical or 
^’J!kmsider^ as simply com- 
ri&f which are free or mixett 


posed of Oxy^^'imd niti%^m, hQ^'!M which are free or mixed 
mecham(^3^t^^tet no enm^i^ in separating 

them .w of ;coia:busti0m ifhe active element in 

air is mry§^ . tile noting as .a natuitd its pre¬ 
sence b^g neo^^ pJ^per rate of combustion 

in tim vSrio^S'flipIni^uf'^ Hitiogen, however, so far as 

the production of.h^ti c^oeill^^ is^ ' ^ nseless, and may 

often be a source p| ^i^^ble loi^ ahd in<x)nvenienee. 

The propoi^lS‘^ ,j|i^'‘‘two’efe in air, may he 


The propottiolim 
stated^ as; follows'tr^.ft' 


Inlih 


.W^ofcx3M|oa|r''^^,L ' i - ^ 


Tiialis, 
Tbe t 


141 cubic C** .,«t 





COMBUSTION OF OABBON IN AIK. • 


7.1 


Vcium ond Weiakt of Mr twodrod/or €ombu$tio7^ 

' » » Cuh ft at 

Bbs. of Air. 6.!-' FaLi. 

1 lb of oarb(m bq 3 i )«(1 to liBrat 00 ( »» <« » ir »2 

n w paxtiHiit •* 11 ‘d » in 

„ n as CO, WiHiii to 00 ^ *« * 76 

„ of salphm boi^ to SOSi -.k *» » 57 

Produeis ojf Goi$iilhoadf^(^ Mr. 

1 lb. of cai:bo& yields *• .. «« ^*66tba>l^oM^lioai0M*ld<OO|) 

«S4 ^ (H> 

Total WMghi ofp*odbot| a» 

niado uu as follows:— '^'^'"'1 * 

^ tAl, ' 

Oarboo „ •« *1 »• <* .. *. I'^O 

0\ygtm.* *• . 

Nitrogen •• •• *, *• 

12 '«> 


TEMFEBATimii DtTB TO TSU OoWUSTtOIN OF OaBBON W AxS. 

Uariiig tbe process oC eoiBbastitm, iH)9 gasos formed in passing 
olf carry with them the total heat« which is snbseqnently distri- 
Imted throughout the varioiis substances with which it comes in 
contact, until the said psroducts roach the nobcal tempemture. It 
will be seen, therefore, that the temperature of the products of 
combustion, as they are formed, must bo \ery high, the maximum 
depending ou tbe specific heat of the diffeivnt gases of which the 
products are composed, as stated in page 72, under the head of 
“ Specific Heat.” The maximum temjierature of combustion, ju«t 
as in the case of the calorific value of fuel, is dependent on the 
eondi lions under which combustkm takes place. The principal 
conditions occurring in ordinary practice are represented tn the 
examples 1, 2, B, 4, 5, page 7^1. To obtain still higher tempera¬ 
tures, the air necessary for combubtipn is heated previons to its 
entering the combustion chamber, and in stufix cases It k known as 
hot blast. 

Having thus briefly coAmdered the theoretietd bearings of the 
subject of fuel, let us now see wh^i^i are the praetical conditions of 
tbe fuels adapted for our purpose^ 

In dealing with the subject of fuel* the following Table XV. 
will not only be instructive as representing the dhief chemical 
changes which characteme the trmaaitton from the lignites to the 
anthracite qualities of coal fu^ Bi^t it also be taken to 
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represent the compositions of the different qualities of coal men¬ 
tioned, whkib, best known and need in the various 

industaiial .ndtd pei^uj^g^cal processes ti^ongbdut fdie country. 





nigHtte... 

Xwtiiy 

.Ckpa^IO^! 

■■ 'spi&a 

;,.»0caSU,; 

Coking 

Coat. 

Anthrariti- 

Coal. 

Oarbon... -'.'.''r'-’y';: 

■ ' 


(''''75‘-*S8 

84*28 ' 

91*44 

Hydrogen .. ' 




.5*52 

;i*4« 

Oxygen.. .>'..1 



' S-88 

0*22 

2'68 

Nitrogen, y >./ 


k-' i-n.- 

N -'Ms.' 

2*07 

<l*2J 

Abb .. 


- -V ‘ 

S'U . 

' J 


2'8J 


The af^ioability of noal to a particalar metallurgical pur¬ 
pose must depend pppn a carsful exaniinatiou of its action when 
burning, physical tjhamci«tai and sudi analysis as those given in 
Tables XV. W , XVA, tlgi.latter representing some of the charac¬ 
teristic compositions df the qualities of coal obtained in dill'ercnt 
districts throughout the country. 

Ta»le XVa. 


] 

PoTityjfiool 

Cokiiig 

Npwawite : 

Coa.1. 

Scotch 

Ctml. 

Wiilf 
Aiitiirui lU' Ciii 

Carbon .. 

m'^1' 

80*40 , 

84'.57 

77'5 

91-5 

Hydrogen 


■' 5'70 

4*75 

6*0 

3'r> 

Nitrogen 

♦ ■ •* ' 

1 20 

1*15 

1*5 

0-3 

S8nlphur 


0-90 

0-60 

0*5 

0*0 

Oxygen., 

• • *« ' 

6, *80 

. ,n‘22 

9*1 

2*t5 

Aeh and Water .. 

e-50 , 

3*71 

6*4 

1*6 



100*00 

100*00 

100*0 , 

100*0 


A primary condition which any kind of coal m\iBt fulfil to 
render it fit for employment in iron manufacture-—whatever its 
qualities maybe in otb®c respects—is that it shall be free from 
sulphur. Tbe presence of Sulphur in iron is very deleterious to its 
quality, producing that state of its constituted particles which is 
teelmicaJily Imown as “ red-shortness.” Hence the fuel employed 
in its manufacture must not be capable of communicating this 
substance to it. It k mainly for this reason that wood charcoal is 
employ^ when irtm of an unusually tough character is required. 
All coals ©ontain, sulphur; the pur^,fromii,to 1 per cent.; the 
most impure, B and even more per cent. ,W the proportion 
exceeds l^.per cent., the coal becomes unfit in its raw state for 

• Migtneet ik^ Jaly 22 , 110 . 
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metallurgical J>tirpoBes» Tta, tlja Visible presence of iron pyrites 
will at once b^w tbe ejbataoter of tlie coal 

AVlien a given speamen bif thie^ M^al; bias been proved to ful61 
this primary condition of "freedom ’&oin sulpimr, U remains to test 
its other qualities which renderifc, a good metallurgical coal 
Tlie calorific power of a ,coal iflt.AS wp hsw shown, proportional to 
the amount of carbon it contains., 'The^ ^portion of ask repre¬ 
sents so much loss of beat, besides ,,the IncbnyenieDce wbicb the 
presence of such matter occasions. ' A loos is due to the 

(juantity of water present, for not only does tho. water constitute a 
negative Ipss proportionate to its amount, but a positive loss equal 
in amounWo the quantity of heat abstracted to evaporate the water. 
Tims a large proportion of either ash or of moisture, or of both, 
tends to render a coal unsuitable. In metallurgical operations 
intei^ local heat is required, and hence the coal employed must 
contain a very large proportion of carbon. This condition excludes 
the flaming and the fuliginous varieties of the bituminous, and 
those of the gaseous chisses altogether in their raw state. The 
untilracitous and the semi-hituminons ehtsses, therefore, with the 
clear-burning varieties of the bituminous class, can alone be con- 
Ki(l(.‘red upplicjahle to this use. The two former ols^p also possess 
two other qualities iihich are required in the cupo^Jbufc which are 
not found in bituminous coal, namely, strength and, freedom from 
a liability to cake. The great weight of the charge would crush a 
tender coal to powder, and an agglomeration of the mass would 
seriously impede the draught. The variety which best fulfils all 
these conditions is anthracite, but it possesses defects which go far 
to render it unsuitable. Though very strong naturally, it may 
he reduced by decrepitation in the funiac»“ to the ,stete to which 
the weakest is brought by pressure. It moreover requires, on 
account of its difficult combustion, a high-pressure, hot-blast, and a 
special construction of the furnace, to, avoid descent of the 

charges, and a consequent loss in;^ quantity of the metal pro¬ 
duced. In consequence of these defrete, anthracite is not largely 
employed where more suitable varietiKl are easily procurable. 
Such varieties are those of the antiiracitpus and many of the semi- 
bituminous classes. 

The defects possessed by, coals of the'bituininous class may be 
removed by coking. This prooe® expels the volatile matters, and 
leaves as a residue the carbon ahd the ash. In this state, that is 
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when converMl into cblte* ppvided the conditions of freedom from 
sulphnr an||i jliGrie ^iro^rtipn of clear burnlnf^ 

coals of ;0te,a*e 

purposes.. ^> 0 $ of the , a# seanb'bitmninous 

cla8»«i''Sbdr they't'*^' '■ 'i Jn' coke, carbon 

attains its the strength 

of the coinbnstible thdr advantage of 

converting bituminons cc^ that it allows the small 

coal, whi^i.as such, .is net^i^wbcthfejs, to he utilised. Coals of 
this class .do not.aU cpW ^ih e^nal readme nor is the coke 
obtained from them/^ ^nai qnditgr^ Some varietiffl require a 
quick heat ip produce tl^thesfc. refill while some ot®s will not 
coke at all after some’ days’exposure to the atmosphere. These 
peculiarities demand eareM attention. One important gain from 
the process of poking consists in the removal of the sulphur present, 
thereby imahling a coal to be utilised for metallurgical purposes 
that would he otherwise unfit for that use. , Coke, to be suitable 
for the futtiace, hesidi^ freedom from sulphur and ash, must possess 
the qualities of hardness, compactness, and strength to withstand 
considerable'^shiug force; that which is brittle, or liable to 
crumble ahdSilb dust, is nsekss for the purpose. It is also of 
little value , it can be obtained in large prismatic pieces. 
Hence good coke, <m cooling, should split into such pieces, some¬ 
what in the mmn^ of columnar basalt. Its colour should be steel- 
grey, almost approaching to a silvery whiteness. An iridescent 
hue indicate the presence of sulphur. When struck it should 
emit a clear and alm^ noetailic ring. Frequently a large pro¬ 
portion of inoisturo its imparted to coke by the thoughtless way in 
which theextind^n is conducted by the burners- jBy the appli¬ 
cation of large *i|[T^tities of water, evils are entailed of the first 
magnitude in the economicaJ. v^klhj^.bf the furnace. Coke is the 
common fuel' fmr the cupola in countries where semi-bituminous 
coal ki a^ndant,. while m others, sudb as the United States, in 
which aht^E^^ is the prevafiing ccab:tins is; largely employed. 

Charec^l, hmng expensive on first is but seldom used, and 
that only in isolated districts whom Cktreihe abundance 

and easy carriage. . -v. ^ 

The earlier processes, by memie of wbbh dolse w^ derived from 
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rfi 


coal, were natoally deveb|^^fe ofmetJiods tb^ adopted in 


the producti&^ bf, "*' —* 
consisted of .shnply 



generally 
o^ end to form 


a pile, as shown in jfco ,li^ve * clear space up 

through the centre for eSasq^J^- i^ combustion 

and distillation. The njcre for tnaiing coke, 

however, are much mw cavefuHy oar^ out, esp^ially as regards 
the preliminary treatmerdi ol the c<^. In these the coal, if not 
already small, is crushed or grotmd'to a snitahlo fineness, arid then 
]»asscd through an elaborate but well arranged washing machine, 
in order to remove all dirt or other foreigHf.inatter as i‘ar as possible 
It is then passed through an additional grinding process, 1^ means 
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of which the coal is reduced to a coarse powder, in which state it 
is now ready for charging into the ovens. 

Coko ovens dow in use are of various forms, including those of 
the Bet'hive, Appolt and Coppeo sys^msi,^’|||©.earliest of which is 
that of the Beehive type, as shown in Fig. §2,. its ri:rimO.|#ing de¬ 
rived from the shape, which resembles that ^c . beeMve proper. 
The Beehive oven is now considered by mimy to pnmitiv^ 
wasteful process, as compared with othor^ of ifcfe imw m 
systems referred ; it is, however, stiU. extei^=^^ adopted, and 
indeed almost universally so, hy, the niarmfe^rirem of coke in 
Scotland, owing to the simpiici^ of oonatructilm Arid the high 
quality of coke 'ohtmncd. hy tonstfuction arid dimensions 

of these ovens at preswit in for a idbarge of 4| tons of 

ground coal, are shown in Fig: The Beehive ovens, it will be 

seen, are built back to baok, sd^a^- to form a double row or battery, 
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Front Elevation 

•i 


Fiu. H2— Bjskhivk Coke Ovm 









roKii ma.nufactuhe. 


t}i<* t'liargiiigvjfeors for which are ariHstgeil along tho outer wull-i. 
Whiai the oT^haa hmi charged with ground cm), a brick pu- 
tiiitiii. 11,V, ife then built against it as showa'j taking can; to leave 
MifiKiciit sijjaco betueeu it and the door j)roper, through wliich the 
neccrisary air for combustion of the gases must p^.and is directed 
to a point above the charge of roal. so that tlju gases only may be 
ennsunn'd, and as little of tbo aial or coke as possible, tho latter of 
wl'.n li means a currcsjioiiding reduction in the percentage of cuke 
pi 0,1 need. 

'Fhe air supply in this process is maiutained by natural 
dnnigiit, tho iiih*t for which is arranged at tho bottom edge of 
wlii'ioa s])ace A1 of about ^ inch wide is provided right 
across five sill. 

Scmiji after the charge is lit at the top and the fixing of door 
r I) is completed, the volatile constituents ot the futd begin to 
• the combustion of which with a regulated air &u})ply 

ihvoiigh tho opening A I, maintains the heat noctssury for 
j-h'tt- dbliliiitioii. This liitti.r singe is indicated by the reduction 
ill ihe amount of tlauu-soen during the eai Her period.s of the coking 
j.rocess, as lopL'csented in the kdt-hand oven of l-'ig, oj.. '^ho^o 
td(srrv:ifi(*Jis arc made, by means of suiiil! holes SIX pierced through 
tiic doors, and afterwards stoipcd up with small piccc.s of clay or 
lo iin. in this manner also is the neci'ssary vuiiatiou in the supj'Iy 
of air through tlie o]idling A L obtained, which opening towards 
tie.' «'nd of tlio proccs.s hies hecouic completv.-ly stopped up, ns any 
(iifthcr supply of air would lead to lo.s.s by combustion of the coke 
now jii'odaecd. During lhi.s latter stage, ulj|ptlie lower Cast-iron 
cover or lid, F (.1, w'hich was rcniovod during' the earlier stage to 
jt-rmili the free escape of the products of combustion and uist;!- 
Jatioig is again replaced, in oidor to cut off connection with the 
m,ii!j Hue, and act as a damper to arrest as far as posgftle any 
temionoy to draw am into the oven. 

With tho lleehive oven, tho c<]iking process takes from 70 to vSO 
hours heforo the whoh; of ihe volatile constituents have been 
lihoiatcd, leaving a mass of red-hot coke nr carkm; at this point the 
ovoii is hermetically Bealed,ttsalready stated, by replacing the lower 
cast iron lid or cover, F.C. Jn this condition the red-hot mass oj‘ 
I'uil'on it. allowed to remain for twelve honrs. during wliich it si'iilcs 
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down and bedc^cEi n|c^-W^og«neon$ and in quality 

tbrougbo:ai'-;'>|lpij9|S^^n.dr out, and 

and a_'Coiires|fbn<|^ 

' <jliarge»,«ii4%bTdejf ^^mi^^ far as possible 

the ejqiaBW^ the r^%ofe jcar^ the 'iur when the door, &c. 
are removed, it is well dbnched. water, % iheans of pails, until 
it is blacked ont. |n this p^^ner the whole zpass has assumed tho 
well-known odomnar strn^tar^ a^presen ih the right-haml 
oven, Fig. 82, which facaH^^ ^ i^dyal bn to^^^ hearth, where 
it undergoes careful sdeption jnevlous to being ^aded into carts or 
trucks for delivery. In, hmidling the- coke thus produced, a harj) 
or grape is lised, having prongs one indii apart, so that the siuall 
pieces of cokie.breeze may Ml through and be left behind, as such 
fine partic^ if’foief would be of so use in the cupola, these being 
simply bloN^n out nncbnsmned along with the products o1' com¬ 
bustion at the/top, owing to the forced draughts^ usedj%hich by 
landing ^ the adjacent roofs, &c., become even worse’tljan useless 
by collecting in considerable quantities so as to stop up tlie various 
rain-water condtuts, which indeed often occurs even when the pre¬ 
cautions mentfoned have been taken. . 

With the Beehive oven, eren after every precaution is taken to 
regulate and cut off the air supply, there is still considerable loss 
due to Combustion of carbon, so that the amount of coke producifid 
never ejtceeds 60 per cent, of the weight of ground coal charged. 
The inefficiency referred to is due to the direct contact of the air 
with the fuel. The Beehive process is wasteful also, by disregard¬ 
ing the valual}le,|!5g|^, such as tar, benzol, ammonia, &c., con¬ 
tained in the prodd Bp of ffstiiktion, nn indication of the value of 
which is obtained following figures,. estimated from 

results obtain^ in gas-works practice:— 

Fr^ 1 ton of coal are produced * 

10,wO foet of le caindl&>pQV«r ga» =s 880 Iba. « ,17* 0 per cent. 

tar ,. .. „ 5= lly „ . w 5*1 „ 

liqijor s», 177,, ^ 7 9 „ 

^ ,_10clEe; ,.„';.. ^ 7‘»:0 „ 

liib'O „ 


Anuidkmlaf}^ Virgin 

Hiese ^m|«unda o^hydrogen and/ad^^^ do not exist in 

the coal as snob, but are foi^d dnrlUgrthe^^ of distillation. 

• Koo WanWyn, ‘ Gag Engineer*® p»g$.5, ahio Diu Tunge, on ‘ Tar and 

Ammoiua,’p. 02 . ■ 
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In order cpipbnstic^ 

air, also to ena^ 
many different forms Off 
Appoit systems, liftve 
approved of these now in 






of t^e fuel and 
to 
and 

of Jilbe most 
which 
(' pr retorts. 


consists of a series of long r< 
set so that each is surrounded’\inth i; hollow epmbnatiop chamber, 
partitioned off' so as toconvey the hedipig gas in, a mg^zag direction 
indicated hy tho arrows, until they rmch the chimney flue. The 
heat and corresponding tempemture pf these gases is the result of 
combustion of the gases derived from , the coal now ondergoing the 
pro(‘(>s of coking and distillation, after tho recovery, of the bye* 
products, and which is now returned by means of tlie main gas 
pipe Jl (ir M shown, and, directed to the combustion bhambers at 
the jwhits.A I, where also the hot air for combustion is directed 
to meet i|||| The products of distillation are parried off* by means 
of the uptake G 0 and main outlet M 0, leading to the recovery 
I)liint, and after treatment, being still of high caloritio value, is 
returned and ntilised as described. In such cases, where it is not 
c(tusidered desirable to recover the bye-products referred to, the 
giiscs may be led direct from the retorts by way of G 0 to tbe 
various combustion chambers. As regards tbe quality of coke pro¬ 
duced, it is maintainecl by some that the coke produced in the old 
Heel live oven is superior to that produced by the later impwved 
systems, which are said to obtain tii» bye-products by disrei^Tding 
to some extent the quality of coke produced j but there does not 
seem to be any good reason for such statement ; • ' / " 

By these later improved ovens, as it 

will be seen that the thickness of coke opefatsed ihiibh re¬ 

duced, while in addition the working temperatii^ll^^^ipayerably 
increased by means of external combustion of 

which tend to produce increased hardn^i, shd out in 

])r.'ictice by the following iaade on 

samples, viz.p'j:- * 

Beehive coke stpod-w c'rushiip'v^|i|^^ 'inch. 

Coke by means of extSr£^^'jf|y|||Lg,; strain of 

1298 lbs. per square 

By tho latter piwess, of coke is produced, as 

compared with* 60 per Beehive oven, 

0 2 
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When coal contains le® 16 of Tolatile matter, 

tlio heut derived by (tomhhsticffi „iiigtifficient for 

complete distillation, i?he espocklly 

ill Scotch coal, is generally'^ses there is 
a surplus of heat whic^ escape np 

tlio chimney at ■ To 

eirecl a further’’saving led 

tlirongh boiler Hues, andiii spewHy con- 

striicfcd boilers ‘withotit ^ ebinbostioin means'of such 

asYvtein it has been foiind that 1 Jb. of watm^ ^otapomted al 
100 lij'S. pressure for every pound of coal charged into the ovens, 

Tiifi v)lijrct of' cohingt as already mentioiied, is to get rid of the 
vol.ilili! constituents of the Ooal and I'ecover the ei^ntial elem^t 
fur ilui proilnction of heat. The p^sicai properti^M^f the cohe 
or c.ii ben^us obtained are also ess<miial, and.are very different from 
tli;it of |Hfee former being much harder and stronger, so that it 
is cjt]>ablPlrlBarrying heavy loads which would readily crush ordk 
nary coal to a powder. Cohe, however, is much lighter than coal, 
hull^ fordiulk, so that the carts conveying it have their sides raised 
in order that they may take a jc^inable load. Some founders con¬ 
sider t bat the lighter the coke th^feter the quality, and would reject 
a coke the avemge sample of which tvhen dry did not float in water. 
7'bia, although true for some qualities of coke, does not alwaj^s 
lioUl good. 'Some cokes, by reason of their close and compact 
nafiire, Me SO heavy that they readily sink in watm*, while for 
purposes of melting, as in a cupola, they may be as good, and even 
better than some of the lighter qualities. 

As indicating the change effected by the coMiig process, we^ 
have the following analyses showing the oom^ioririmj of,, ooal, also 
that of the coke made therefrom^ ’ 


iic&tdh KJoal (SSveikytM ’Gtna ^,' • , i , 
Volatfle matter (cputalaing 

EleiiieiiU which go tb form ‘ -Y.;’'-; ■ 

Carbon • 'y n','.:.' ' .J58*'4S'* j/' 

Sulphur 'i.,, '..i ■ W64*G5 

Aidh '«. .« ‘ •• ' 

Water oxp'Olotl at 212 ° Paiir. ■„ « ' 4-40 
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Sooieh Coking Co^ (ji^Hekor& KiU^ d^^Hn ptttilit}ied bp the MaJxen. 

'1 .It* ^‘«'''v;''^''' ' t ".j''' ■ PfeFifiit. 

' ‘;'‘7 ■ v. 80 -lO 



, as* 1 ^ 1 * (mil; s» 13 ewtfi^11^ Ib^ w, 13 • 6 cwts. of coke 
pTodaced tea Goe te of coke wkm dried will give 

the foUomB^g;^!)’^, appibsl©^^ 


Suti/ 

■Aflb 



4k 

'•* . #• 


^•« *■*, 


.. .. 67.00 
-10 


1-60 


as 98*383 

er *147 

St 1*470 



If, hcrtvefver, it ia ,d^ired to know the composition ot me various 
cokes placed on the market, with b view to making a purchase, it 
will be found much more reliable, to obtain independent analyses 
of those under consideration fn ^l iinitable samples, also chosen 
independently, as the analyse uafflly published by the makers aro 
obtained from samples no doubt i^efaily chosen, in order that the 
results may he the more favoarabla 

For the reasons just Stated, the following analyses ^ere ob¬ 
tained from samples of cokes by different makers as sn^pplicd to 
the wotks with whi^, the writer is connected, all of which were 
^^msidered of good quality, and quite representative of the best 
Dcotch cokes made in and around Glasgow 


Sample -V; 

Moietaie r-'. «V' - U'i''. 

„ v. ** - 

• ■■*74 


, , Corob'URjitliV* Vwtioti at Carbon in each 
, . ot CbKe, es ’jnder. 


*» 


. t '■/ k '’T' <' ''<f y< ' *'- 


cent. 


Sample 

A?h 
Sttlplmr 


'' 

P';'!?.'’.'■'Xltfft tr' - ^,'83 per cent. 
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tuple No. 3, 
MoiHlitre 
Abil 

Sulphur 


Siimple No. 4. 
Mnjhturo 
Ash 

Sulphur 




CQBilnutUblo Portion or (^rbon io each 
^ t^mxpki oi (juice, a» uiiuer. 


■ «*, w V -.. . 

"i^ds '' 




4», 


■ IS4-- ■ i 


per <jeni 


' ♦# 


i<ii))i))Je. AV). n {Arh(f\, 


•}5 ■ ^''' j; * . 

■^. ■ 'i:,v rf‘, ■' 

12*29,'^ n\j4 '.(Xi)© *i- :87; 7J per i»n. 


Mciisturo 

0-00 perceui 

AmIi 

.. .* .10-80 „ 

Sulphur 

*#, ' 1 -20 „ ■ 


19’00 ' 1. , 


(100 - 12-00) 


. >” 

»'*■*' ' 

SR 00 jrer rent. 


Tfte coke ri^presentcd by cxatoples Noa. 2 and 3 give ilie Ijest 
lo-'iilt't ijpfc(‘gards tbo constituents. Ko. % liowevor, may 

Ik' (nnsidi'red the better df tlie two by reason of its lower j)er- 
I'tiil. ge of auipbnr. 

Ah compared with the rosulte of analyses nsnally published 
by niibrs, these latter wouljAo considered comparatively pcMtr, 
altl'oimi, as already staW, tl%' rOprcoeiit coke which in act mil 
(•ii]>o!»i ])iacli(^ gave good results. Another evidence of the quality 
^^.ls their high market value, and especially so in the case of the 
e<.ht' icpresciited by examjde No. 2, the superiority of which was 
jil o verified, as shown by the analysis stated. 

Gas coke being a bye-product in the manufacture of gns, it is 
].l iced on tlio nirkot in large quantities, which at times are not 
• isily dis}) 08 ed of, and in order to obtain an additional outlet ii 
1 's often lyeen suggested for foundry purposes. The following 
.mil}sis is from a sample of coke piodncd^t the Glasgow Gas 
Woilvs:— ' ^ 


Mnisture 
Ash , 
Sulphur. 


24-75 » 

'60 


42-45 


^pMnlniiltlhto Hthtlrr. 

(100 — 42*45) sss 57*53 per cent. 


The moisture here is high, bi^t the amount, it will be seen, in 
»l)iit from the (fhestion of the <yQal)ty of coke, as it may oltcn bo 
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M'l^DCombnstible 
. which is to 
the w'orkijig 


due to prolonged exposure in wot weather, wldch, of course, will 
apply to the inferior 

^ ^nite;nhsmtfthle fbr,-p®[^ing -pig iron in 

tt cupoi^ 

mato'^f . which is to 

retard'the w'orking 

increased in 

p^opp^dicm^'io 'tih’.;;l^•^b9itohig‘'^^^ and this, 

along with 4^ dhtp^ th‘ low j^mperata^-^ will 

lead hltiinaldy to i^\c|iokln^''i^the ,fWi^ of 

lar^ masses of with pieces of coke throngluuit, 

forming a rohndihe' tuyeres, such as that shown in big. 

47. page fel, ;. i[xascoke,'ho;wever, inay be found ^ite suitable for 
such purpo^^«| core,drying where high iemi!)eraturos are 
objectionable, &d instead whici, a Steady hut comparatively low 
heat is required- ; ; 


Gaseous Fuel. 

The idea of traassforming sotfcfuel into the gaseous form 
was suggested and successfully by M. Ebtdmen in 1812, 

but it was not until 1856, whejFfir. Siemens had introduces! 
his regenerative systeaa, that the merits of gas as a fuel w'c‘r<i 
thoroughly appreciated. By means of these modifications it was 
now possible ^ obtain the highest temperature required for the 
manufacture of soft steel, and various other, mehiljlurgiciil opera¬ 
tions, at the same time utilising,or regenerating ^iteat which would 
t^herwise be lost. 4part,, however, feom the poW of obtaining 
tliese higher temperatur^, ^e use of gaseous fad is tiow, recognised 
to have many adva4ito®s. 

The appHcaikb.;^^,important to us at is that for 

the varipuB he^^tig ani^ whiefe df-late years have 

becomi^so gehdd .ik4be larger found3r&, add espbdially in those 
where the wotk fe moie drTe^ dapiiea^v'j^^ out in large 

quantiti^":daily from dry sand ^ulda^ tind efiicioncy 

of^^ the systdalp? dryingeorb-^l^:** ^ deal to do 
trith the siwbess and prograls df tbe wi;>rfc geikjtally., 

To translbEto or produce ;eomtetibl% gas fte solid fuel a 
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flpparate chamber is neces^y, an ^y /epii of which is shown in 
I'lg. 34, built below W fa directly 

e,. thus neces- 




with the comb’nstiohil 
sitating a 
siltliough’ perndysLg 
lu'ut of 

the i>ro(lucer, has othejs ii 

* ' . 'v >’ -o 

iii.staiices the gas k i»8de4n ¥ 
(limeiisiona, capable of 


i/Wangement, 
.'^i^Usihg the 
t. wveloped in 
i^t in haany 
of inajdh larger 
>^y several 



iPia. 34 . 


fnrniires or fives, and placed at a dislahoe eoayehfent posi- 
liot), the combustible gas being cohv«yed,\tfi^roin by means 
t»f metal pipes or brick conduits bf ^^hile 4imefeps, wit^ the 
nccfssary branches an!^?valvesio sap^ ^ yMoas furnaces, stove 
tires or other heating chamb^ together 

or iudependeufly. '■ 

solid fuel, and in practicehave td deal with fuel 
nuiging from the bituminonivl^ iSse .noii'bitaimnous or anthracite 







I 


FOUNDING AND CASTING. 


qualities j gjM coke a|^ freijuently used, eapeeially wlim 
the it is plcn- 


tifuj, an4/;_^g^| 




sanr \ 
Tu'i 


necoH- 

e(ieiaei referred to. 
suitable conditions 




the k: .sulisequenily 

tjansforaied %|B’‘jS^d!tioii jo^^ Up tbrongb the 


red-hot fnelia is^arbqnie oxide, thus (CO 2 + C) 

= 200. iur,^ contains only 

aliont 3,0 ^jombnstibH. &e ramming portion consist¬ 

ing chiefly-:<^\|nati:oge^ which forms the major part of our 
atmospli^^U-id mMh&K only a» a dilaexit (see page 74), whicli, 
although for the proper rate of combustion 

in animal ^e, is more often undesirable in metallurgical operation-^, 
espectaliy when it is necessary to obtain high temperatures along 
with a high ^loriflc efficiency. , ; ', 

It wiH be: ^n that, in additaon to the production of a combus¬ 
tible gas 00 in the manner described, there is also a considerable 
amount otheatdcTeloped by the jiartial combustion referred to. This 
heat being, sensible, asy-indicat^ by the high temperature (about 
1000 ° which; the gfts in such cases may leave the producer, 
is undesirable for practW reasons, such as the loss in efficiency 
due to cooUng etfeets;;dk^^M lih® process of distribution, which 


due to cooUng effect^;;the process of distribution, which 
wilh of conm, iher^e distance, &c., of the 

In order to r^hi^li^ttch Ics^ ahd alsd the wear and tear, it is 
now ^hei nsi^ i^&e h) inject, a .certain hmotint of steam along 
with'the airl^,yihr-^^ of as it, enters the red- 

hot ioW^‘'the';^|>i^tu^ of the latter; 

and ,,<1110 ,-|S^|^!!5ia|^.'heat,‘m^n^^,.,hy\tho!'f^^ temperature, 
represents‘^''j5®^^'spe«V;m;h^ ,mr;.'4ii&ociafiag the two 


the two 


elements (hydrin and oxf0i) in the form 

of steam (MgO).;'.The oxj^gea ■ reason of it 
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greater affinity f(Nr tbo adjaoeiit; at tbe normal working tem- 

])eratures, sets free of jhydrogen, which 

latter is carried ii|) passes off 

mechaniceily, mixed pro¬ 

of heat to that ofthe 
various combust-i^ 
that the 

of the free hydi»gemi!^’'^&di'®d^;ia'jt&^^ in the 

total calorific value* as' & smne qhauiity;, m' h^t y?as;. already 
taken from the solid ^ speut in overciubblg tbs chemical 
affinity and splifctmg up itbe tom, as already d^iibed. The 
introduction of steam, ibejisfore, does not actualiy increase the 
total calorific power, altbougb in pradiice it is utiliised to increase 
the oalorifie efficiency by dimiaisbin^ the temperature of the es- 
ca])iDg gases from tlm producer, from, ^y lOOff* F.. to 500° F., and 
correspondingly, the loss by conduction and radiatioa during, its dis- 
trilmtion. The steam injected, it should also be observed, when 
split up as described, becomes the sourtte of, a certain proportion of 
oxygen without the usual proportion of useless nitrogen, as when 
the oxygen is obtained directly from fhe air. , Glas thus produced 
by an addition of steam directed through the highly incandescent 
fuel will, therefore, be wurespondingly richer by contaimug a 
higher percentage Combustible matter, which may range from 
40 1.0 00 per cent,. The proportion of steam which may be reason¬ 
ably injected will, Of course,.depend on tlie amount or excess of 
heat available, the latter depending on the rate, production 
required. The inten^y of oombustiim .aod cqri^es^dmg tempera¬ 
tures, however, rn^y also bo tco b%h, caui^ juphee^^ry wear 
ftiul tear, and ey^ destruction of tlm producer 

near to the air inkla , 0 r tuyeres.;; In sdOie m the fire-bars 

which form the grfte surface, as ^ Fig. S4, are likely 

to he hurut away, tp;avoid whmh Mow ihe grate 

as shown, where it i8'Mlocb^|«^,3l<sd4 
recopfacle. The coolingtem- 
pemture, is the i^ult (formed by 

radiation) passing; fuel, and being 

decomposed as hbtb&ver, the quantity of 
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steam ictroducod be increased, as by injection, beyond certain limits 
(l('iived from |Jtaoti(sal expexiencci, it becomes oyectionable by lower¬ 
ing the rate of ftoMton; as, indeed, by a sufficient injection of 
steam, ii«ptild ^ j|m»to'4amp ont and Bto|k tba process of oom- 
bustioidp^ tbe ii^t% of gas entirely^ 

If & ftml (csVm) canid Wint4ned at a sufficiently high 
temperatnre capable of deooinpOSitsi^ a eontinuoas onrremt of 
steam only, tbe resnliaiit gases ^onM be carbonic oxide and 
hydrogen (00 product being free from nitrogdi, 

wonld constituie wlmt is known as water gas, to prodnee whudi 
the fuel (carbon) is nsually placed in anitable rotorts arranged in 
pairs 80 that the fuel can be^altemately raised in temperataio by 
combustion with a oownt of air in the one, while the incMiiidesccnt 
luei in the other becomes cooled by the absorption of heat req;nuf‘.l 
lor the decom|X>sition of a current of steam passing through it. 
The gae (00 + H) pibduced in this manner being free froiri tiio 
usual diluent (nitrogen), is therefore by combustion capable (d 
j)rodncmg much higher temperatures than could he attained with 
tho ordinat^ producer gas diluted with nitrogen, introduced along 
with the oxygen from the air. The latter, or ordinary producer 
gas, howeTer, is more convoniontly obtained by a continuorts 
process, and at tho samo time is more suitable for the vaiinns 
bt'iiting or ciiying processes required in foundry practice, even 
although, as stated, if may contain only 40 percent, of combust ilih^ 
us shown by the following chomical analysis of producer 
which is a typical example of the gas j)roducyd, as in lJcni.nd 
Dawson’s patent gas producer, illustrated in ifig. 85, pp. JU 
and U5:-* 

Psouucsa Qa8 Anauxsis, 


(3«rbnnic Oxi^e (GO) ,» «. •. 

(H). *» .* 

Uydroenrh*®* (Cn,^ ,, „ 

4 , •• 4 , •« 

Kitiogtii (.N) „ *. M ,• „ 


, OimbiiKtiblc 


2(5*80 per cent. 
11*50 „ 

DSS » 

4*00 „ 

156-U „ 


I 'At 89 

(pur cent. 


lOQ'Oe M vedame. 


Say 40 per cent, oi combustible g^ses. 
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The folldlbg is a ocmsitlecatiou of the Telative cabnhc TaIuo>! 
of producer gas^ ati4 thajb tbi aolld foe} or oqol from which it 
was derived* , . 

To estimate tho cadoxifio m pefjfStnifet gm aa comjmvod 
with coal, it w^l he nec^sa^ ^ carefuJ]^ the chetnuM) 

analysis stated In the previous )pa^ and it will'he seen tliai 
the cluef change from a ealotiio tW ie With the carbon, 

tlie same weight of whitdl|^ now in the gaaetma form, rombininl 
with oxygen to form earhomo oxide ijad ae carbon in tlip 
solid fuel (coal) wns the essential ekmeht for the proiluetion of 
Iu» it, it will now only he necessary to ascertain the heat^producing 
projiorty or calorific value of the same weight of carbon in tfie 
form of carbonic oedde (CO), When completely burned to form 
oaibunic acid (00»)» 

If wo now rofor to example 2, p* 73, it will be found 
si.itpd that, by tbe combustion of one poun'd of carlion, in the 
‘Mseoufl form of cartaic oxide (CO), to form caj|!|i^hie acid (CO >), 
tlic heat developed i/e(|ual to 10,01^3 B.T,U'f».: whilst the same 
weight of caibou (as it evists in the coal), burnt completely to 
loiiu COi =5 14000 B.T,U*a Sq, that, weight^j^^froig]^of 
earlion consumod, the heat developed by tbe 
fuel (cart)onic oxide 00} is 30*4 per cent. Im iittin wat liy coiu- 
pi ♦^e.^gmbustion of the solid fuel from w'hioh it was derived, if 
V* # the amount of heat developed in the jiroducor. due lu 
jmrtiSrcombustion in tbe formation of carbonic oxide (0(.)) ss 
stated m example No. 3, page 73, and furtUci indicated by ttie higli 
timpratuies at which the gaseous fuel tuny leave the producer,* 
‘a«, lot example, 1000* Falir., referred to on page 90, which, m 
many inbtances, is entirely lost by conductiOfU and raduiion, 
while the gas is pafdng along the vanons eondulto to tbe difiereiit 
cumbustion chambers, and (jspetsislly so when these are at a con- 
sidciable distance * 0:0111 the producers. The nse -of steam in Iho 
gas producer, as pointed out on page 90, by ledtuqmg the iem- 
])eiature of these combustible gases as iStated, to 509^ Fahr., i*, 
a nicdns at once of reducing the loss of ©j^ciency to this resjxci 
in which case the reduction difTer^Ce to seu^ble heat btateil, 
iH an equivalent of tliS additionsi ealorifie power of iho iroij 
hydrogen previously obtained by dpcomposition of the fatoiim 



FOUNDUfO AND CASTING. 


injociod, and now available in the eomhnat^ ofilSnhprs alonpf 
witii ibe catbonie es^'de pA (00^^ wbil^ forma the major 
jwrtion of the ga<<^ > < 

The combined ealo;Ride’|)0^f^ ^hwo^sifjtnenta will now 
Ije sTu^ thal the loaa^ m ealor^^ ^wor of tlio 

coal (ma wliloh theae mAf now be re<lncal 

to ixoni ^ iiA ^ pole of 30 per cent, as already 

stated, When the enatm ^ steam n',od 

in the prodneer. » ' ' 

HaVin;r thus shown ttnpt the total heat deroioped by ibo coui- 
busi^n of prodeeer gas (conveyed at the normal or atmo^phoi ic 
temperatnre) is conaiderably leas when compared with ibat deve¬ 
loped by direct complete combiistuni of the solid fuel (coal) iroiii 
which it was derived* we must now look for advantages in the 
adoption of the fbri^er in some other respects, and this we tihd m 
the increased wHch it oRWs in practice for the liettor dis¬ 

tribution of thjPbeat developed, tho greater power of conti oiling 
and mixing the correct proportions of gas and air so as to obi on 
complete oombustion, therefoce absolute prevcntiun of siuokt^ and 
comparative (dcn^nlinese without excess of air, which is otherwise 
impossible whA wal is burnt in an open grate as usual; incom¬ 
plete oombustloit In foundry-stove practice when coal is used being 
tlie cause of tbe heavy coating of soot deposited on the c(^ a/td 
moulds from the smoke produced during the drying proeeR^ By 
using gas fuel considerahle economy can also be effected by ad¬ 
juring the flow of gas to suit the varying requirements, or ev( n 
cutting off the gas entirely for hours without affecting in any way 
the gas-making process when it is again required. This jower of 
control, it will be seen, is of the utmost value in effecting economy. 

It win be nndeistood from the foregoing remarks on calorific 
values, that the adoption of gas is not always followed by a decided 
saving in cost of fuel, although in other respects it may be highly 
valued for iho various praeiacal advantages it Tbe cost o( 

drying,yse., by tl»e Ui»e of gaseous fuel is, however, generally lea*., 
and sometunes eonsidLrahly so, When compared with that when the 
coal is burned direct, ns in tbe ordinary flra-placm 

Having tihns dealt more parUculatly wUh the calorific value 
and the theoretical as|icct of producer gas jgeimrayy^^t will now 
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0 


be interesting''’practical 
—-:__ 


ic^ various 
right 



usual, by allowibg' 
wat(;r, which me^pi 
a circular cast-i^ 
carries the briofeworhj 
girder’dips into tl:^ 
edge, as indicated-by 


ig ed^ of Mid 
to the top 
a bater seal 


equal to the dowh#ard^^ ^ojectihg ftasnge »hh^;t ’v!fM^ Mai, if not 
sufficient, would permit the escape ^ under a 

slight pressure, through the hottoia i^uSj^r With the 

construction show^^ wh^ at 'ivoth,' me' ,or 

ch aring away the Whes from ihe bottom of |arpi^|m;'^hliged to 
go ])raclically all round its mroumferem^, so tMf^^i'orh is done 
more uniformly tha^i in those produciers in wiiM^the-^ugh extends 
to the outside only it certain , p^ts, while at olhen points the aslies 
may be left to ^ither. , In thelat^ umra^M.lhe. W ihaide the 
piodmier is supported iiregularly', ^ pi^uce 

the gas uniformly thronghputi . .p!r(>dttc*» 

tion is thereby con^d'pmbly'>^ui8^i ,^|%,|i^i0«^^ 
in quantity .well - 


The mixture 


gas in this form 


ion of 
mass of 


f tr'i'f''' " f 


A‘-o fvnm thus 


^I'c., from thus 

fitted to the t(ip d 
In the earli^ 


fe. pointed out, 


clav, but,it was.;] 
therefore 
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^ Small Jiole 


coDto^Seit''■ ■^'' uUi:, p’pe, may bo 

'3y tnyoi>i 

opjpapg as m the fuel 

1mfej)laoD miOTis obtaiiKU. 
flPfuel by means of a bell 

ani Cone"$haj^4p]^;i5^e;'W is- lta]a«ced,%)])fiiiiig 

downwatSs in fneV^ tlie intarior prodnot r. 

The npper pDrti®^^a door, go that 
when the h^, i^'’dfi§pei‘,' ^mnitiincation with the ajiinosjdjore 
is cut offi>t%^!,^Yeutihg the mixing or indk-Mught of air, tlio 
effect of Iwhfefe wbuld he to increase tlia proportion of carboui<‘, 
acid gas and ,<K)rrespond weaken the quality of gis 

prpdnced, '', '' '• 

In, ord^B^itintain the .quality and regular supply of pro¬ 
ducer ga,g+ inside must not be allowed to calie or haii<r 


ducer ga,s+ must not be allowed to calie or hang 

in 8caffold4% ,l0!i*mktipEp, thfto^ air sni)ply miglil 

find an easy .pi^s^e hy forming channels or holes. In this manner 
the prpportion qf ;eathmiic .adjd‘ gas {CO3) would also he increased. 
It is therefore hccei^rj^''means'for breaking up 
the charge," aEd^;aintai«mg, |t .ais, fiir as possible in a uniform con- 
edition and process in the producer 

illustrated haf'lja^^^^airand the aTrangemcni,s 
hdte will ]be found hfi.i^nsill^ah^e . advam i^ptoally with somii 
qu^ities of f^ ae by;;mej^h)s,o^ shown 

' any' *^nd- .;^^ion' :o( the;nharge; and reachot I 

y?ith ''initabie'Wg^i^^i;s,.or har^'"; distributed 

aa:Jto][ip^'';;fr:fos^V|&mg-I^les,,# hopper; 

four itf d6mpiJ;.;tpp;;,'four roUnd,% little above 

the c0iuc4,.;I^^ff;eeutra 44 y«rf'.'|d|%^i;'#'>^ holes are 
fitted WT®h ciwityijiite iids or.Ihd^e ijhiit when all 

ie working weE;'. - - - 




jShnt^when all 
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It will be seen from this that ft producer may be 

very eimple and (dmap io efficiency 

when the 

Many other 'forms inight 

be mentioned, bnt, this purpose 

here, as in mmiy;,ca^' In the 

Virions details ^ref«rred^^b■;;’-^,'being 
intended to represeaL^whai'idtty ^ 

practice. , '^v - V ■ 

111 using prod.tic^ gas, eontoiable ,^re^ ^ order 

to avoid explosions. Thra is especially thetb^ '^srhen'startiM 
and lighting up, as the gas mmiis may .th^n suffidene^^ 

which, when mixed wth a c?€^ amount ft-Ih^ produeor gai^ 
may form a dangerous etpjbd^^^fere ready go off if a light 
be brought' in contact with^«P^:?rhfi foli^ing precautionary 
measures should tbei’efore bo’^#fttlly obsoiwed when starting, 
after all brickwork in the flues and lire-plaoes bto been thoroughly 
dried and ready. In s^^tting Are or starting the producer, the 
down-comer valve D V should be and. the ^de doors, &c., 
opened for the supply of air j the hopper .W being;;5idao closed, 
and the top of down-comer only openod, then ^dijM^ncts wiU 
escap# there. When tlie fli» is . fairly set goit^'.fSfc the si^ 
doors, &c., are shut All the* air must then come through tlie 
blast-pipe and pass through the feel* which has now, fe'about four 
hours, become so deep tiiat the t{^\ surface is ^ feet above the side > 
poking-holes. Combusiable gas begiUs now lo 'i^cape at the top of 
down-comer, the quality of which is .aifeerfeinited manner 

in which it bui^s.. Wheh* the sfebpj; the i^m-jet 

set going, the top door.">!f ■£>'of dosed- 

and the valve 1) V opmr0d/sd being 

produced may pass .^tq,;th© gas various 

furnace doors being however, 

should be which 

the air previously til© 

still keeping a'vrayhny flj^bdL v; Sven out 

and the combustilAe to*’s^t this 

temporary opening ^‘Vidvea leading 

to tlie various to be burnt. 
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Previous to tbis^ iuid in order to ensure .proper ignition of the 
produ<3erjg^^4.>ji lighted up for 


m suic 



lost at the point 
each other, 
eomhastiun. 

, tfith additional 
lull each time ; 

the 


coai'OOOt ^ ... 

and' -pig. 3-■>, 

outer 10 ft ; 

high, it.'vrdl .ia^j ■tofomhly elean small coal 

per'hour doing as much 

ciiiLft'/.wf. average of 3^ tons of 

each, producer of 


3 in. 


^al turned' ;i3|iy|ii5l'‘3tf^'..hours 

the dimcnsfcaii^ ^ 

combustion of the heat produced 

therehv/«^ he dealt, head Of drvinir stoves. 
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for pm- 
P^opajrjng 


PaRNAOBS ,are used iiti, 
diiciijg permanent clmKg^ tn iha 


tliein by softening suncd' lo^toi^ 1^, anbsecjilipmpf^ii^ 


of femnces 


design, materials of vConskti^wm, and ii 
arc of a very varied desart|^|^;[^t, iliey majf broadly divided 
iisto tao distinct braucbcs: tbe solid is iTitermis;ed 

/ ‘i t • 

with or directly surrounds the materidis iio be be?it^,.tbe other 
that in which the beating is done by flame, witbhnt direct contact 
between the metal or ore and the solid fuel. 

This classification also applies to the fuel need, which is 
esscjhtially different in each of these tvfo branches*;, In the firet 
branch, say, for a cupola or coke furnace, for meltan^’^steel or hmss 
in crucibbs, an intense local heat., is required in ^he mass of the 
fuel itself, and the h^t developed on its surface is practically 
useless. For this class of work the m£«t suitable fuel is cbarocal, 
coke, or anthracite, consisting of nearly pure carbon wi^ little 
volatile matter. ■ 

Jn the other branch, flame furnaces; such as are tised lor glass 
melting, puddling or lieatipg iron, the in^^rials to be heated are 
placed in a chamber , at the lude or abhy®'the heat of 

the flames being maflen^ of by 

chamber by currents of; gases, with 

that due to their c^l^tion, oh ;with additional air. 

For furnaces of this CW and 

partly burned gases at a i • -» t v , l 


MS, 


;,''wh-ih gtt!^ 

are to complete thew so nsjto 


The fuel preferred, ^ 


■'■^j,igf^''bf.*‘cQal, or dned 


wood. Flame, may also .flidi containing little 
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else thaBr,43fKrJ)qb jaiperal 

' ' 'V V -fii > ' '. 


It in a thick bed, 


and a large 

tb^ fuel, flow 

aare commonly 

used &t meib^iM bi'|bis^%;.<^eibies. the latter are embedded 


in tbeinelj ,iadMgb; temperature is 
maintnmed'^^ta^^'tb^\)iS^i^|^S^;'!i^’'Upper'^ the furnace 


and connecting It 


veniently be 
than can be 


Where, as %e:lop .<?f the chimney cannot con- 

Lot where\a l^ner combustion is required 
by cbimhey drought, air is forced into ^tbe 
fun ace by ^ 

Blas^ fupaCefe aa4 cupclah .B^^^ are largely used in 

smelting, i^l <)f itoh^; copper and lead, and in fusing cast iron. 

The fuel and ihateriats to be acted upon are charged together into 
the upper part of a Tertieal furnace, and the combustion is Rn{>- 
ported by" air forced in through openings called tuyeres near the 
bottom. Sudb furnaces and cupolas for the production of cast iron 
are built of ^ifeat and require much still in designing and 
Gonstructibn to obtedn good results with an economical expenditure 
of fuel. 

In the flame furnaces the usi^} reflect of the heat is obtaine 
by bringing a flame to bear u|^ the material to be beated, instead 
of embedding it in solM fuel.;. Such a furnace is the reverberatory, 
which consists, of a fire-grate, and a flame chamber, which leafJs 
the products of eombustipn awUy to the chimney, the flame in its 
assage or heing; deflected upon the material to be 

ted. In the same br^ck;qf fumk^s, though widely diflereut 
^ccmstructiou, conies the ^»ens rej^eratire gas furnace, now 
^^gely used flw a ranefy purpd^ where .a high temperature 
Ig^uired.^,, ; ' ,; ; ^ ^ V'"' , 

. are, therefore, tliree distinct nesses of furnaces—tlie 
, tfe reyerberatory, and the crucible: cr pot furnace—in 
winchare many 9^ design to suit the 

purpb!^ for which id 
metal 1® melted* J 


In the cupola no 

‘'"S 
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Copper, bronze, brass, German silver, silver, gold, and.lbe alloys 
of these metals, are either melted in emeibles, or, if dealt with m 
larger quantities, in the reverberatory furnace. The furnaces and 
tools are essentially the same for other metals as idiose doscrihc^l 
lor the ismelting of iron, with a lew slight modiiieations in dutail 
in the cases of the more fusible metals, such as lead, tin, Ssc., which 
may be melted in iron pots, kettles or clay omoibles. 

CoroEiAS. 

The furnace, however, which especially clatu^ the attention ot 
iron-founders is the Cnpola, on account of the ijl|pidity with which 
pig -11 on can be reduced to the necessary molten state; simplicity 
ol construction; also, that by this means pig-iron can be melted 
cheapA- than by any other form of furnace. 

Jiefore describing the construction of the cnpoIavS now in use, a 
short amount of the old-fashioned rectangular cupola will be of 
Horvice, as giving an opportunity of pointing out those defects in 
cou«( ruction which led to its being discarded, and which defects, 
of course, should be avoided in all modern foundries* 

The old cupola was an oblong square on plan, its longer sides 
Iv'ing ill the ratio of about 2 to }| of the shorter sides, and tlie 
htnght varying from 3 to i times the length of the longer side. 
Its shape was not one at all likely to give strength, and appears to 
liave beim adopted for no other leasoii than that the fire-bricks for 
the lining were then not generally procurable in any other than 
the common square form* The external casing was formed of 
cu'-t-iron plates, with flanges at the angler; the sides were pandlcl 
and vi‘rtioal, and the lining of firo-hrick was set in fire-clay. The 
(‘upolu was built on $ platform of common brickwork, facing tbo 
Mind floor, and the blast-pipes were brong^np at the back. There 
wore live or six tuyere-holes one aboveother, 9 or 10 inches 
apart, on eacFside of the cupola, and two tuyeres were employtKi . 
< ach consisted of an elbow pipe of copper, connected by a flexible 
leather hose to the cast-iron blast-pipe coming from the fuu. 
'Fhe flexible hose were required, to idlow of file tuyeres l)eiie' 
gradually shifted up during the emelting operation, hut they gjo’e 
rise to consid^aye toonble, as if any serious leakage of air through 
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one of tlllM fcla^t p^icelar^ IjG t©mporarily 

force out a 


fierce 


. / y tuyere-holes 

-'tap-hole open, 


Ipie ** breast # of tho 

, -and blast 

tnrpi^iS^ pig iron, 

a supplied 


to run 

from oh>§^«,. Wjhi^ tho furnace 

man saw, tet 'ibe melW iron nearly 

reached the Jby^ppv^i^^ in use, he rrdsed the 

tuyeres to the 3i^i^;||pelit al^jy^ stopping the lower ones. 

This prtKse^ .«^S> Mp^ either the cupola was as full as it 

could conadered a sufficient quantity 

of meM wfib t^dy to tap ibr the worJk in hand. 

- The hrGa^ ijphich was about 12 inches wide, by 15 inches hi^h, 
was simply stcj3|^ by tmnd, which was occasionally forced out by 
the pi^ure pi metid within, 

CN^hg‘to the lohg time occupied in melting all the iron 
contained in cupolas, the sand stopping of, the tap-holo 

frequently into a harth ulaggy suWtance, through which 

the tapping; b^ i^uld h& driven by great force, and Ibis 
frequency brought away toe whole sand breast, followed by a msh 
of molten met^' ',-' ,'.. ■;, ' 

;A,n<^er, pf toe rectongulat form, is that known as Krigars 
Oi^Za, shpWnlulJB^^y ^ii ilU^ have a vertical 

, section,frbm;;^nt. to section from side to side; 

\idto:two-;hoi^^'||i;se^a^ ^^J^&'at'dilrerent levels. 

; T'Wrectangular in 
' fdVm,toe plans, Fig. 37, and 
jpato|lel,;t^^ as to avoid^y prominent 

would be 

■ .Gy40S^;^ti^|vSlsi^^ 1$ used behind 

3fhe shaft A 

chair^^^'OCff^d also a .hacking of 

sand, ^ tobwn'At the in- Over 




KRIOARS C0POI^ 


IA niBS the air pns- 
I. to two mains S3 E, 


this backing and rtmnd ,, 

sage D 1> into wM^' 
and the blast 
the cnnola. andbecbiU 


the cnpola, mto the 

melting chamher\0 the roof, 

one at the front and' to o^r whole 

breadth of the slots 

are constructed the 



j*jo. ^ , .;v,' V;;;";-. 


t V * j < 

f .»/'j }^j. ' ' 


outer arches G Of F%1,B0, and to mae]i^ strdS^,:# carry the 
shaft A; the lengthAf,,to arch H,''fr^:;il^|,;i^_tok,1s conse¬ 
quently made greaWf tto to cupola 

is closed by an iron K;^n'hin^^ breadth 

of the hearth ; to 'to .back, to 

facilitate to at the 

back ; by this means 

iv.gulaily within,J"'’,-;;'' 
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For sfcartiBg iibe oupol% of coke is placed on 

shaving^ or ot^O Jni^ng bd^ more is added 

by degi^'^i^ for the 

firsf'fill^'^pnt'^ .■ 'The first wettc4 

onind'ithe as nsiial, by 

pjaciiig clay kobiiil, a w^ted . of the door 

is .^aatered on. Idle f4 blay and sand; 

tbe d()or is then of the breast 





i- . Fa. sr.' 

»” '' * ^ . 

■liwi •' ■ ' 

of the.tejace, to allow space enough for the furnace man to get 
his arm in for lining the door, and the space at top is afterwaids 
closed with bricks. This mode of closing is adopted for cupolas 
Working with a pressure of blast from 4 to 7 inches of water; but 
where the blast is stronger a Wall of coke is first built up insidf 
the melting chamber 0, and wetted; and the door being itont and 
seemed with wedges, the space between the door and the wall of 
coke is then filled with ordinary foundry sand, rammed in- 

The amount of filling that m put in for starting the cupola 
varies with the size and the ^nahtaty of melted'^tal that the 
hearth is minded to contain srt once; but the amc^t is always 
miudi less than is dsually <^ployed ki other cupolas. One of these 
cupolas, capable of melting 8 tons Of iron pr horn, reqnhes a fill- 
mg of 2f cwt. of coke for starting itior cwt. when it is intended 
to keep the whole the metal in the hoarih, to .be tapped all at 
once. Upon tlai^'Jilmg a charge of R iron is added from 
the top of the cupok shaft, and then of Ookc, and 

the same in sneocssioh hntil the wh<^e eh^]§^ is put in, filling up 
the shaft A to tlie top, as. j^owh in, llg^, After, the casting, a 
certain quan^ of the odt . The average 
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qnantity of coke oonsam^ is 1| owt. or 1^8 Iba. per ,ton of iron 



and the oon> 
$ to^ are melted, 

. v’‘'. * . ' 

. ..i*- H / , 

aJl^’jgiTen to tJio 
,<ii^as also 
It does 



int ltecl, when only 3 ato m^ted, ia 
Bumptioh is 147 lbs,' per ton when, 
and 140 lbs. per ton with hea^imr ch^r|^ 

The above description oif this 
Institution of Mechanic^ Enginaers ,.in;„ 
stated that the metal' 'melted 
not appear, hoiv'eTOE,' to ' have-'oo^he^, ■ 
much into use in England^ and tf. 

German examples ahe. conddi^at 
modilied, being circular ih .section and 
having a chamber arranged where the 
breast is placed in ^’ig. 36, this 
chamber bdng at a lower level, and 
practically acting as a collecting ladle, 
the metal being rnn from it through 
a tap-hole in the ordinai-y way. 

The Maekenssie Ctijmla, Fig. 88, 
is largely used in the United States. 

It is generally elliptical in plan, and 
the blast, instead of being supplied 
through tuyeres, is admitted through 
an opening which extends completely 
round the bottom part of the cujjola. 

The blast is led into a chamber sur¬ 
rounding the boshes of the cupcla, and 
from thence k^K^pes through the annular opening into the cn|Kda. 
The cupola with a drop bottom, whi<di at^gemSnt is 

almost univm^ly adopted in the United States.' . 

When first started it is necessary to a very light 

pressure of blast, but as the melting proceeds &e pressure is 
brouglit up to lbs. per square inch. The hlait is generally 
applied about forty minutes after <he fire is lit, and iron begins to 
run about twenty minutes afterwards. ' ’ 

AnSriean cupolas as. U, rule a*© in dianteter, which is 
an essential feature when €yt^hiil^ite!--«ih most common in 
America—is usedL An often is to have 

the sides pqjpallel,, bn| belt of the same 



Fio. 8S, 








106 


FOUNDmO AND CASTING. 


Kjaterial os the lining arranged just above the tuyere^, this belt 
cfft*ctmg the same object, in our opinion hut imperlectJy, as the 
boshes in such jforma as those t>t freiand or Toisin. 

In modem j)motioe the cupola is built ot cylindrical form, the 
casings being made up either of cast iron or wrought iron. oi st( ol 
plates, the latter being riveted together^ as shown in Fig« t.'l 
and 

'When the maiimiun dtameter does not exceed 4 feet, the Ik ighi 
may range from dve IbO siu«||ines the diameter. With cu])ulus 



V; 


Fm. 89. 


hawng a larger diame^ thand feet, the height sip®; not exceed 
four to tive diameters Up to the le^hg apertura i 

The objection to a very great height of cupola is the increased 
tame and labour involved in raifang -the for charging, 

ahd wherp^ the height is eonsideraHc client mechtoical arrange¬ 
ments oonVge,3?Bf uifedforpurp^. 

■ "The'diam«(tef'- of a cupola 

ranging 18 inches up cupola 

18 inches ^^d^^-'.’with mekl if 

worked reqnins 


IBELAMB’s OIIPOI/A. 
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a cnpola at least 2 leet m ts^ kjares; aut^ with an- 

ihriicite a cupola* fia* 

diameter. A Well*huili ^lU^e’ 
although for 

found to auswor. y . ' ■ - 

Fig. 39 is a section of one of 0ie 
Cupolas, m -which to^^ntal seoti^';!® 
section showing |q ‘ 




of enlarged diameter 


so 



'• :; w'''- 


liquid metal • , '•_i';i' 

There are eight tuyetee, in the' tipper joV,. , .,. , 

nt the nozzles,'and three: 

fi inches diameter inwde. The,twO;1|l^';iati^ l‘''!ft^^7;^'Ai^ 

centre to centre in the cupola 39, Which 

high from the floor to the top, and 4 ft, 1 in, diameter outte the 


iron casing. 

A pair of Ireland’s cupolas, described Mr, John F®rnie 
in 185(J, are shown in Fig. 40. Each furnace is capable of melt¬ 
ing at the rate of 3 tons of iron an hour. The height from 
the door to ttio top is 27 feet, and from the floor to the level of 
the charging door K, 12 fi 6 in. The shell is parallel from the 
ground to the charging door, and thence it gradually tapers up 
to the top. The outside diameter is 4 ft. 6 in. in the cyliiidric^ 
])art, and 2 ft. 6 in. at the top. The inside diameter is 2Jt. 6 in. 
at the Ijottom of the Orui^e, on the. cupola hearth L, cohlaeaetmg 
to 2 ft. 3 in. at the spriiigtiig of the h 'shcs M 31, and 3 hi. 
from the boshes to the charging door, whence jt ta^a to 1 Ik. 
9 in. at the top* The height of the cnimMe :i8,4 fts. *3 
of the boshes 1 fti. 8 im, and, the height fi^ liho 

charging door (i ft. 8 in. From the ,of ;ib1^ to the top 

of the cupola the lining is tormed <rf a eingld^^ fire- 

hricks, which is quite su%ie^'^ Us, found to 

h(i very little wear above the top'df/th^ • ‘fie e®ntre of the 

hiast-holc N is 2 'i^t‘fmih ihe of and ■ the hole 

is 0 iiichte in d^mStWj to adtoit^ a skg- 

hole, 5 incheswith the 
h(dtom of 
in the uhual 












Wl>On ward’s SlCAAl-JET CUPOLA. t 

By careful cbarging, the average (jon8U!i>,|»tion of iuel obkuieJ 
\^a «1 cwt of coke per ton of iron meltecl. In many rcspocts, 
this cupula is eitnilar to the moat modem foxms of the uidinary 
cupula; tlie most important diference fte arrangement of 
tiij<‘rc8 and blaKt-pipe. 

In 18G6 ibo Bolton Steel and Iron OompanV eimp%^||nro 
of Ireland’^! cupolas for melting tbe iron for 
wliicli weighs 205 tons 'Che external dianj^ter of naoh of these 
(Mi)K»las was 7 feet» the diameter at the heishea ^ l!;, in, and 
f) i(s t at the greatest diameter above and below, ^le blast was 
snpj>]icd by blast cylinders at a pre«»uro of 14 inohes of water* and 
wa^ (Icltvorod into tbe cupola through two ranges of tuyeres: 
^ > T(M n tiiy(‘res in the upper range, S inches diameter; four ia^o 
1()\M 1 nmge, 8 iuchoH diameter. 

{'’.If h cup(da was enclose in a casing of boiler plate, with an 
external air-belt and bla^t-pipcis. 

^I’u pruducc the anvil block, 220 tons of metal were melted, of 
which H tons cousisfed of lumps ot Bc'.^i'iaer steel, and the time 
(>''(upicd Iroin putting on ilic blast, ior melting the mftal, and 
tilling m till' luoull was 10,} liuurs. Tbe consumption or coke per 
toil of metal milled w.w only 1 cwt. 1 <tr,—a vety r^arkablo 
l‘'^nlt, duH no doubt, in a greai mea-^urc, to the height of tbe 
cupobi, whicli enabled the be.it and gases to be re-absorbed by 
tlie luel and non as lliey pasbod upwards througb tlieui out of tlie 
cnpDla Tills jKiints to tbe great value of tall cupolas, with the 
ns(‘ of powHiiul and heated blast, and the reduction ol diameter at 
till tiijere level. 

IFoodicirnfa Steanx-Jd Cxi^wh is worW by means of an in- 
ilneed cuneiit cuusi'd by a steam-jet blowing uptim chimney of tlie 
cupola, instead ol by bla‘«t forced in below. It is asserted by those 
intei(‘^te(l in this cupula that it effects a groat saving in fuel over 
till* ordinary fan-blabt cnpolas, and it seems tolerably certain that it 
i.s at least as economical as the best ordinary fumaceS where fans 
me employed, with the additional merit of great simplicity. 

Tlie steam icquired to crt'ute the draught is only equal in 
qu.mtity to what would be consumed by an engine for dnving a 
iau of sufficient power to work an ordinary cupola of the same bizc. 
The consumption of coke in ineltmg I ton of iron is put at 11 cuA. 
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a very be^n also obtained 

Tlioro is 
of »W fboir 

V >^i ‘ ''-•>-> .vJN^^b’^^A.'J wjY'’ ' -i 


M'- 

k^lMl 






■liV'.' 

mamt /tM 

mmuMt 

■«■■ w 

V>: IlMMMHSiS?I 

I ^ 555e?5SS'' 

imsmEhhmiSiSii^ 

' M mSSSmbSSSu ^ 

,’^»wpi—WBf—t'»c, 
■ \^iammmmmhmmma%M^ 

1'^ 

; I r| uBSskksKkS 

' ^WKi»MjBf 7 y>K> 

«■ «■ MlidM> 9 » F 

. " iv 't 1M ■» 

VBIM VX 

I ■'. y 'X//itm m mmRaviy'jay 


I ■ ■■III ■» niMB • 

i«IMMI Mi Ml ■ 

mtif'^itiam 

**SS!f • i»». • V > * •'•■W 

(-‘Vy/xy/ wt.i«tiiii-w;y:;)i 

I y> > v/y M MB MMTMI AkV Vy> X 

I 'ai ^ 

I SaSaMMMBIM* ■ i 

■ ¥y fj. «■> mm MB MM w 'y yy''.: * 




p>-r,?j;S35 


ks aad 


^!rfeef ita B^rreral different 



Fig. 


'41.,aiid^^ 


tne steam jet 





















* 1 


tiStfitlie t$g*^ ^ 

FlOw il 


a pimplo nozzle, stinilar to tboac used in loeoipotiTO ctiimiieys, ns 
there IP found to be no necessity in pruc^ to xegoktelbe draught 
by any alteration in the size dt tlve jet. 

The air is drawn iuto the bottom of the efipola through 
oi^enings placed radially at two ditl^rent I&Tela. 3rj the lower row 
thoie are Jfeur sneh opetiings, and ih the tapper tow there are eiglit. 
Each of tlpe air-inlets has a eowr which can be dosed from the 
oul&ide. 

The chargcji are lifted to the B at the to{>, and chaigi 
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can be ^ 

use 


it is desired to 
to have a 
a lever, as 

:%30.' '.' furnace is 

work the 

'■ must be 

x_-i-iu ^ .to-accumulah^ 

IW tlxilt s^ will soon 


m a. 



rise to the proper thfe' iron t6 run freely, when the 

air-inlet may be reopeaj^.' ’ ^ 

in Fig, 42 m arranged to How thi j |gh-a side flue 

into the;dhia^^.;;.' l%e feeing hopper to the a is repre¬ 
sent^ ^here are eight air-inlet holes in 

the and throe in 

m by building a tell stack on the 

ba^ of a ci:^ia, and providing the latter with two rows of large 
tuyer^ j the heat and draught are maintained simply by the 
ascensive power ot the hot air passing tip from the cupola and stack 
or ^mnney. This cupola Oan scarcely he found advantageous in 
intermithmt working, as it has to be carefitlly and slowly heated 
up and charged when first started, hut ibr continuous working it 
might answer. 

Me sae indebted te Messrs. Aitk^, Jessop and Co., of London, 
who are the iafroddeers of it into this country, for the particulars 
of Y<nsin*s ^u,p^ wMeh is fully illustrated in Fig. 43. It ia con- 
.iTif^ieki doubterive^vls ifchis instance— 


structed of, 


and lined’with 4re-hi^..lhndo to the shape of the interior. The 
bottom is arrangwfedrop After the Amerk^n plan, sufficient space 
being allowed henbath to accommodate a 'truck or trolley for co»i- 
veying ai^y the broken bottom and contents remaining when the 
vfurilfAi^ ,dm , The blast is supplied frbm a belt completely 
r,sutrp»hiim| the boshb, and from to belt two 

itowi of (l^r in Aa4i) deliver to ^fr¬ 
it A’ to. BB, that the 

the mil III, 



to^itohal claima, 

. ' ii 'lav-'- ' ' . S.'-'Jii-’ , 

mg burnt 
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o£ fiibion willi 
Sfcil tnyeroR oIai.uo 
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FOCNDZNQ AND OASTlNa. 

’ ' • i - .if; 


pressure tbrougli an iis jtSs.lt kaT^es tlie nozzlo 


is lowered, ap: 
maintained excite 
and idag ^ pa^ag 
the tuyeres and giv^ j 
The shape and 
working and 
iron. With regard to 



whbS^*;^®, supply of air is 
h^es, the mctiil 
ultimately choke 



nil also affect the 
^^jof/eoke r8<Juired to melt pig 


it, does hot seem to be any avcU 
defined rula ' /By^roporiidsni^ytn^ the height of a cupola, 
as measured |^;ihe tny^h^ld^lb the level of charging door, 
the depth of the^ js also increased. The efiVet (d 

this is that a greaterthe heat is utilised by the cool¬ 
ing-effect of tho^^m aWge and a cow-esponding increaw' 

in the temperature before it reaches the zone of fusion. 

The height of ’modern' enj^las, from the hearth to the lev(d of 
charging door, will bo foui^ to vary from throe to four times the 
diameter at the charging ddpE ' 

The charges during the ejBficiency tests referred to on pages ^'21 
and 124 consisted of equal proportions of Nos. 3 and 4 Grade pig- 
iron, with 10 per cent, scrap derived from the same quali|jj' ol 
metal. The coke used after Ming up the bottom to about, ti inches 
above the toyeres wuf;;^ded alternately with the metal, as repro- 
seuted in Figs. 45j^d 47, The rate of melting necessary was 
from 4 to 6 tons' per hittir, the blast being' on almost continuously 
the pressure of which at the cupolas when full bore was nevei- 
higher than 16 inches of water. 

As the metaj wAs required in 3 to 4 ton Ipte. it was desirable 
that the hearth, or that ^kibiqU of the cupola below the slag-hole 


iispenisions, so as to avoid r( - 


SH, should he of co: 
peated tappings for one ,ladl0/q|:!li^l IJy^^reasing the lower 
dimensions of a cnpols%e also increased, 

and this may materially affect ' 


In 

to represent the coke consajiuptibh »s lowJ^ ’l^pjible, the coko 
.ilised fosr bottoming is sometimes left put^ff constitution, and only 
that quantity charged alternately with the ir<a is This latti r 

estimate is, of course, nol satis^oiy^ Jbi* , purposes, 

although it Js:*«>metime8 a4«ilit®d by V!C|jiildrUcff;npW'pi'o^ <^r 

callcd improvlumnts with'^ view id t^dimhee tb^b^appareri t vaJue. 



na lUOK BliEAKEH. 




Tlio iii^s of iron forming the testa referred to were 

(list hrukeu in two pieces While or tracks 

conveying it, in order 
ciieh pig on to 

lio\v(3ver, to break heavy 

lijunmcrs. 'riiis i8‘^ip''iah6rioni^,''W^lE:^;A|i|lai^ ' 

some of the advantages clatined heih^, - 

<{n( sti(>ii!ible. Fig. 46 illnstrates a , 

viM’v simple machine for breaking pig- 
iron, vvliich will be, fonnd an ad van- 
in such cases where power is 
itvaihtble. The action of the machine 
IS npp.irent from the illuMaition, and 
neciis no further explanation. , . 

Ill some foundries, cywing to the 
class of work produced, it is not only 
convenient, but necessary, that the 

( listing procesif* commences at 'the , 

beginning and continues regularly 

during the whole day, so as not to , ' , 

block the other departments. In such f 

eases, in order ihit sufficient molt^ -■ 
nielal may 1)6 ready at the start, to ■ ^ 

avoid waiting, the cupola, as already 

described, is charged daring the previous day and fired the s ime 
evi'iiing by means of a piOpe of oily waste, ignited, and then pn-^hed, 
Ibrough the tapping hole, so as to ignite the sticks, (&c., at the 
bottom, as shown in Fig. 45. ’ 

I’he subsequent combustion of coke, owing ^fhe IhniW supply 
of air, proceeds veiy slowly, taking about i|k pir ^veh hours before 
I lie whole muss of Coke u^ to the tuyer^^^ beebme sufficiently 
u‘(l to enable the niain blast to be tilijned on | "about two hours of 
tlie main blast being now necessa^^ior^ th® teduetion of the fir^; 
three tons of nrolteu metal, cohtintung':fby. iueans of the cupolas 
slunvii in Fig. .45) at'tlie rate oC 6 tons ^r hour during 

ihe- whole working day, or even'14 to 16 hours Wh^n necessary. 
Will lout trouble unless when th^ feokpls 

Jt should be? pointed put b^e that'wh^en is charged 
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ruUXDlNa AKD CASTlXa. 





arlier shmt workini; d.iy, 


place, owiii; 


Fig/, the. progressive stages in the process of 


melting pigjjp|p^ ^^^tupolai’rbm the time it is,charged at the to]» 
along With|;|i6^‘faeLuntfl^- i^ hhi,become liquid enough to trickle 
down through the highly ipcandescent fuel in the vicinih- of tli<^ 
tuyeres towards the hottoinf w.h^ ii,'fteonmnlates until its surfaco 
. rises to the level of the '|^g-J^[^ when the furnace should now ho 
tapped and the metal xOn into S4 as. to avoid loss hy the 

metal overflowing down the slag runner S I*. In ordin:»ry lu aci n e 
' ah overflO|r,of metal da eadly «ligtinguished from the sing u.sriuily 
- j^teseqt at thk .stage, and the difference olservei 8#v*c3 to indie jU , 
if desired/^^Sn tire full'capacity of the furnace has hf cn luolkd. 

; Wiiile the .a^^ slag irickhs down thronuh llu- 


iWiu^'s of fue^f5r^.a*|^^^,pf it in posing down the sides iienr 
hijfirp. iso' that it adheres .to the walls uf 

the cmro]a;ttW!|^^ winch towards the ^hdof a days 

, work may be to “^tend almost right .across the cu[)ola, 

acting as a scadiddj^ by which name it is known.- The thickness oi- 
depth of this iscaffolding/as will bo seen ;jn'Fig..47, is limited hy 
the highest leveTcff'the moltep metal, which corresponds to llie 
beight^f slag futther S;,tt Tim rate at which a scaflolding gathei .s 
depends chiefly dtk^||ke^hality of coke used. If the coke is inferioi-, 
by having a high of ^ll> the‘ rate of combust ion i.s 

I'Wluced, with a c^fcsj^Raing r^ncstiotii: in the iWorking teinj)eni- 
i^re, so that it'be^iiii^ necessary to clear 4ui the tuyere openin;:s 
^MWiy during, the day/by chipping and hloekiug up (adi 
lyere; Jumps of coal.,. “. , 

li is astonishing, however, in such cases hbw the molten nudal 
coufJhues to wme down; Imt on examining .tlm nature of tins 
scaffolding |i|Mbwii)gjday, when, it is being ijrokeii off, it wdl 
he found thl^^llrtast bin l^plioweionl ahd mmntained a 



—I ujI 

-I— wi 

IJ U.I 

l o r j 

-1 HI 


AJ.B. 4. 


^ S 




































122 


FOUNDING AND CASTING. 

through the scaffolding, the exit of which air is at or near the centre 
of the cupola. This points to the efficiency of o^tre blast, referred 
to later. 

Fig. 47 also shows thoTO parts of the cupola lining most snh- 
jeeied to wear due to coiftbined action of the heat and the 
rubbing of the despencfiug 'C^ These effects, it will he PCt'ii. 
are increased towards the level of tuyeres, immediately above which 
the amount of wear is greatest. This region is also the liottcst 
part of the furnace, and is usually known ns the zone of fiisitai. 
It is necessary, alter removing the scaffolding, that the hollow 
portions, itc., referred to be made up after each day’s mcdlins, 
eitlier by means of fire-clay scones set in fire-clay or otlier refrac- 
lory composition (referred to later), in order to bring the inside ol 
the lining as near as possible to its normal size and shape. 

Generally speaking, the interior of a cnpolif tends to hecoine 
larger throughout, as indicated by the blackened portions shown 
up the-sides, in Fig. 47, which also indicates a considerable amooiii 
of wear at the bottom, where the metal is collected, by reason <>1 
the high temperatures mainfciined there. Opposite the charging 
door, again, we find that a considerable amount of wear takes place, 
h’lt in this case it is due to the pigs, &c., being tli>\»wn against 
the lining. ’J'o minimise the amount of wear tit this point, some 
Ibunders build in three or four courses of hollov,' cast-iron hloehs 
of inch thickness of metal, but it is q^uestionable whether there 
is any mai ked economy by so doing. 

'I'lie following particulars (Table XVI.) are the results from 
a s‘*ries of sixteen measured trials when melting pig iron, scrap, iVc., 
in the ordinary or left band cupola, Fig. 95, with a view to reduce 
the rate of coke consumption, first-class quality of coke being u-cd 
tlironghout the trials. The improvement in economy of fuel will 
lie quite apparent towards the end of the aerie’s. 

, Amongst the many modifications or special appliances addc'd 
to the ordinary cupola, which have for their object the reduction 
of \x)ke consumed per ^ ton of pig-iron melted, perhaps the one 
which makes the strongest appeal is that patented by CJreiner ajid 
Erpfs, the special feature claimed for whichthat it prevents the 
escape of carbonic oxidjS ,C,0 (the value of which is clearly shown 
under the head of Fuef^' in pages 73 and 7^ by injecting air 



COKE CONSUMPTION IN AN ORDINAEY CUPOLA. 



rAm,E XVI.-COMPOSITION OP THE DAILY cnAKGES. 
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through a number of small nozzles or tubes al>out I, inch diameter 
inserted tlirougb the side of the cupola* aud arranged so as fo make 
a row ill the form of a spiral, as sbowii on the right-hand cupola, 
f’ig. 45, whi<^iillu8trates the application to on ordinary cupola, as 
suggested by the owners of this patent, who have published the fol¬ 
lowing comparative analysis by Pattinson & Stead, Middlesbrough, 
111 support of their claims:— 


Productif ^ Coiubustion. 

O'dinary 

Oreliirr andv 

Ciipol.i. 

Per cent 

Eii't'e OupoU. 
I'er cent 

Nifrogon, &c. .. .. 

.. 75*50 

79-92 

C'lirbonic oxiflc CO .. .. 

.. 11* 50 , 

1*25 

Carbonic acid COs .. 

.. 12*50 

38*75 

llydi;iMteii .. . 

* ^ 

.. 0-50 

i. ' r 

0*08 

V < 

loom 

100*00 


Both samples of gas were taken neap the inside linings of the 
cupolas, so as to oblain the waste gases which had been acted upon 
by tlie upper tuyeres of the Oreiner and.Krpfs system. 

'riio following particulars (Table XVII.) are the practical results 
ultaincd from all ordinary cupola htted with the Greiner and Er]»t’s 
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That there has been ho^;inar^. iznpr<}T£^nt in efficiency l>y 
the additional tnyeiiei|^|f^"w 4iss to the’Fi^-forination of carbonic 
oxide, which will tok^ pla^ whenever carbonic acid COa (resulting 
from the additional ;ahr injecjted.by toe anjdligiy^toeres rdcrivd 
"|5) comes in Conlaot^gain with red-hot fuel t ito, iatispd whiob is not, 
i|^ays J^ibie-efeh when toe various tuyeres ore. comparatively 
smalt and atiui^e4 to form ft spiral^ as showh on toe righi-lianU 
cupola, Fig,. 45,‘ toe object pf which is toat tlie heat developed by 
combufi^ton of the cafb(mii;.oxid.o at each toylre (forming carbonic 
acid OOj),may be spread o^r » sufficient btidy of the charge as it 
passes'npwardsj aud thti® ik#®P ^wn tlie exce^ lOf <«mper!itnrc at 












STEWAIJT'S RAI'IU CETOLA. 


^ in tlio earlk* 


" i ’(ipB^itions are 


which carbonic -Ite' 

slaves, i.e, CO,'4- 0 ^ 

No doubt there 

such as will enable'^;;}^;deiiired by 
Iho additional system, 

wliicdi in theory said. 


lioA'Over, shows that.'ih ' 

■':^4kK 


doubtful in someinsttocesi,. _>■' ■ 
Generally speaking, a joierfi'S^/fOOTi^ 

}i])])iirentiy derived fr^m sA ajifdianbes ^nlt of the greater 
< Mio in charging npi«fc advise^iaurried on, as coinparM ^iih 
th<> rough-and-ready )nethods previously adopted, to imptov^nn 
\s)ii(:h may never have hitherto 1?epi^,seriously considered. 
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Stewabts Rapio .Cupola, 

Fig. d 8 is an illustration of a duplicate set of No. lO'Stewart’s 
Ihipid Cupola, which, along ^ith full particulars of ufl&cienoy 
h'sts, were published in * Engineering ’ of December 1890. These 
l).a'ticulara may tlierefore be taken as fairly representative of the 
economic possibilities of others of this type more recently con¬ 
st ruch'd. As the name of this cupola suggests, it will be found 
to melt pig-iron, scrap, &c., more rapidly than an ordinary cupola 
of the same dimensions. In general details of coustiuction this 
cupola embodies a variety of modifications as compared Avith 
(lie ordinary cnpola, the merits of which will he more or less 
apparent. In order that the products of'combusti^^sparks and 
ther incombustible grit—may ibe, boftpr -under conij^&^hn usual 
opening at the top of chimney 4 fn this; cupola doa^Hie neces¬ 
sary outlet being formed at one side, j^d fitted witt' i: suitable 
dam['or or door, so that either cupola,!^ ;|)e Bhu|,^h^ the 
other or duplicate cnpola-is at work,- A^if, pacing along the 
outlet branch referred to, t^e gsees,, s|i 4 |ks^. griVA'c*, are con¬ 
ducted downward, the latter Wng .finely arV^tedi which otherwise 
(as with the ordinary cupola) woietld be ;'de^bss5ted On the adjoining 
roofs, ultimately stopping the rain gutters, fend generally giving 
trouble. It has ken fouud aja ad!v 4 ^o||g 0 ra some cases, however, 
to remove this'arrangemeht and reto^ to tl^pcn-top cupolS. 


o 
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This oupolsi is’geatmliytwo cliarging tloors, 
especially iB vtli]^>l.arger which charging imiy 

go on fflmul]fca4eo!i4y froia are provided 

Avith balfthce^'cast-iron 1’liev 


are Bomefames respect also Uji.h 

cQ^la become with open charging 

doorway.' therefore, in this 

cupola, and'^ll^^ are, the.taethod of snpportijig 


the snperstroctare,' 


f a separate chamber or receiver, 
in which the in^:; ji j^llected, and also the ari angcment 

of t uyeres. As regards .the form^^ ft will be seen that the ordiinir v 
soh^ brickwork foundations aw replaced by four comparatively 
slender-looking columns^ ea^^tO mies diameter and 5 feet long, in 
order to facilitate the emptyi^ or^'Oleaniug operation at tbe cn 1 
of each day’s meltilQg. ^or this purpose the bottom is fitted with 
a wrought-iron hinged door in halres, which are securely held 
in poaitic^ by means of a suitable malleable iron bar passing across 
the under side and made to slide into malleable iron staples fitted oji 
to the base-plate. In making the necessary refractory bottom insidr, 
care must be taken not to have it rammed too hard and strong, 
otherwise tbe door may not fall when required. In such cases tin* 
only way is to use levers and pinches in order to force tbe lott(nn 
open. With this arrangement, before the bottom is opcsiiod a suit¬ 
able bogie is mu between the columns to receive what is left in 
the furnace. ®ds system, which is that generally adopted in 
America, must be much easier on the men, as compared witli tin* 
usual method of drawifi^'by me^msof long and heavy rakers requiivil 
in the ca^f mrdiharyimpdlaaj^vi^^^ solid-built foundations. 

Witl^R, separate receiver shown, the metal and 

slag Im’^Vg become siifficaently liquid, continues to run down 
through the red-hot char until it reaches the runner which con¬ 
ducts, them bqilh'^jhito the receiver, where they are collected or 
gathered ma0 the,surface or, slag reaches the level of slag- 
hole. If the receiver is not then tapped, the molten metal co- .- 
tinuing to come dbWn Will cause the slag to run over, after 'Which 
the metal will begin to overflow, just as with the ordmai^i^ cupola, 
except that the molten m^l in the receivmt arrangpviieut is free 
from^ntact with the fuel, , in which conditi(^jy^remains siifli- 
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ciciitly long to allow any snsp^nded matter to rise and collect at 
ilie top. By this means we should expect cleaner metal than when 
direct, from the ordinary cn^la. The fact is that the slag is con- 
tmuully draining off. and not allowed, to gather ahout the fuel in 
the vicinity of the tuyer^‘;^ere,it,^^^ be chiUed and form a 
coating round the pieces of coho which fhidds the latter from the 
furllier action of the blast, causing the WjOrhmgltemperature to be 
lowf'rcd, and therefore an increased tendency towards the formation 
of a scaffold as compared with the rapid cupolas, which should 
work cleaner and give less trouble in this respect. 

In Fig. 48 it will be observed that the hearth or lower portion 
ol tiio rapid cupola is considerably contracted. By this means the 
hla'^t will iieiietrate more nearly to the centre, so as to approach 
tiic }'i iiicip!o of centre blast. 

-I’lic (leptl) of the zone of fusion in this cupola is also greatly 
incivased by the adoption of three rows of tuyeres of the following 
dijiiMihioiis and arrangement:— 


Aroa, liatirt 

Kii.'.l or bottom row contains three tuyeres,each Ginchtvs <llam. = 84‘SI = I’OO 
SecoMd or nii.lillc row „ three „ 5 „ = r»8-S5) = -09 

'J liir l (H toj) row „ six „ 3 „ = 42":i6 = *49 


Giving a total area .. .. •• .• .. s; ISC'UG 


The air passing through those tuyeres and forming the neces¬ 
sary blast is supplied by means of a No. 0 Tliwaites Blower, under 
a pressure of from 26 to 28 inches, which requires a speed pf from 
180 to 190 revolutions per minute, as shown in Table XVIII. 
on the following page. 

As bearing on the comparative efficiencies of the 'f^stem of 
tuyeres in the foregoing, it sliould be observed that the ordinary 
eujiola. Fig. 45, had six rectangular tuyere-holes, each 7 by 
4 niches, giving a total area = 168 square inches, by means of 
which molten metal was brought doT^Ti at the rate of from 4 to 5 tons 
jier hour with a blast pressure not exceeding 18 inches of water. 

4"he effect of the increased depth of the zone of fusion resulting 
from the use of the three rows of tuyeres may be increased wear 
and tear of the lining, and consequent increased cost of up-keep. 

Generally, owiyg to the" possibility of a stoppage or block up 
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in the p^spgB lwi3y of the cupola with 

£])e 
free 





and, mdi^; ^ 
choiing 


^h' li)gh inside the inniii 
BS& cIloke up the tnyer< ; 
damage done before tlic 


l^e' tjptj^EO w iaiiper portion of the rocf‘iv< r 

'^yitli l|fc6itiiiin bddy^ tls^' pupolft charge should also be canfnily 
attended io,‘m ordi^r i^||3^lro,tliat the hot gases blown down into 
the receive# will cause a current of liot . 


ijrasts 


over the sutfeoe the p,M collected therein, by moaiK 

of whic^ it Is niaih|aiii|^^'a. saJS^entty liquid condition. Should 
this uptake passage'^hecS^ the efficiency of the receiver 

to towhtai^L hot jtoetal Twuld be very much reduced, and bo lilllo 
better than whmi the meM is collected in an ordinary ladh'. 

Fttd ^ondumptimf as compared with the various points o( 
merit referred to, will after all be perhaps the most interesting 
item of consideration to founders in selecting any particular form 
of-Cupola. As to the merit of the Stewart Eapid Cupola in tliis 
r^pect. We give the following abstract from the official reports of 
tests niadfe and published-iWg with the illustrated particulars in 
Fig. 48 

‘ * t V ' 

' Tai*i.e XVIIL 


No 
> or 
T<Sst, 

otlAia 

¥ 


Coite'- 

Average 
Iter ton. 

. ((J. 

<?o1t« pec ton, 
Finuoti onfy. - 
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of 
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Metol 
began 
tb niii. 

. 

Mean 
Pres- 
eure 
of ■ 
Blast. 

Cubic 
Feet of 
Air iKT 
Cttt. of 
Cube. 

. ' t 

<Ol^. 

cwt«i.grA Um. 

gA. Umu 

OWtQ. qr^i lb;). 

boni-B. 

min'- 

tnc. 


1 

20‘7 

<“'1 \s; 

2 ft 

2 9 

3-5 

10 

2e*2.'> 22,072 

A' 

18-9 


27' 

l'" 1- tf 

8’25 

12 

28'80'23,201 

iy 
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2 -25 

1 1 8 

8*41 

20 

27*1224, SJi!) 


iom 

1* V < ' 
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f\ 2i 
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8^16 

10 

28*00'23,r)00 
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N.. f. 
(-1, 

S|pi'c 1 1 
pr-r 
UUII. 


l.so 

J.^0 

ISO 


Although, these reshJtl should:ha <^sidered. very satisfactory 
in general practice, yet do not show anj^lpaiirked suporiorily 
over the other or orfii&rj tyives-'pl cmpolfi,i!iready rcf< irtd 
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to as regards fuel economy. By reducing the best of the various 
results obtained from these 'clifferenfc types of cupolas to a common 
basis, we obtain the follow^g.;-^ 

Ordinmy , ' OrHner and Stewart's 

Oupota. Erpft Cupola. llapid Cupila. 

« ^ cwts. qrs.. 1^ 11*. cwta. qra. Ib't. 

Ticst coice average consumed per , 

ton of iron molted overhead';'. I 2 1. JS 1 1 8 14 

Coke to form bod .0 1 ^**'^‘* 0' *1 5^ 0 2 21 

— , t.r ^ ^ --,- - 

For fuflion only roqnircB 1 1 0 ‘ 1 0 23| .1. 0 21 


T lie best coke average, however, represents the true commercial 
value of any system. 


Hebbebtz and "Whiting Cupolas. 

Fig. 49 illustrates the Herbertz Patent Steam Jet Cupola, made 
at (Cologne, in Germany, and therefore more extensively adopted 
on tlie Continent; qnite a number, however, ai© in use throughout 
this country. By reference to the section shown, it will be seen 
that the air for combustion is induced by means of a jet of steam 
at S in tho downcomer, somewhat similar to that in the “ Wood- 
^\a^d Steam-Jet Cupolas,” illustrated in pages 110 and 111, so 
that no external machinery or blower is necessary. An impoitantl 
Ibaturo in such an arrangement is tho absence of sparks and ashes, 
these being conducted along with the products of combustion, and 
deposited in some suitably arranged receptacle; so that cupolas of 
this type may he in use in places where the ordinary cupola would 
not be tolerated or even safe. Another important feature in the 
ilorbcrtz cupola is the continuous annular space formed for the air 
inlet, by which combustion a:qd fusion of the metal.proceed more 
uniformly, both of which are favourable conditions for an economical 
and a clean working lurnace. This annidar space, which sepiarates 
entirely the lower or hearth ^portion from tlmt the upper shaft 
couiiiiiiing the alternate charges of iron and fuel, is also capable of 
;iil jnstuieiit by means of four vertical'screws, by which the hearth 
is also supported on a carriage mounted with wheels to run on 
rails, as shown. • By this latter provirion tho hearth portion of tbo 
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The other details,/heing sufficiently ^Olostrated, nee3 no fnrilirr 
reference here. ,: . 

Fig. 50 illustrates ehU another as the 

“Whiting Cupola,” made fc Foiiii.hy 

Equipment Company, near Chicago. IHw-apecia! feature in iLis 
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cupola is the patented arrangement and construction of the system 
t)f tuyeres, for which it is claimed that the blast is better and more 
olliciently distribute than is the case with the ordinary arrange- 
mcut of tuyeres. In this the a^r'-lWajet at.4i H wilkbe seen, is 
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admitted through a small area which is Expanded Into'a large 
liorizontal opening on the inside oLthie cupola, so that the air 
resiches the fuel spread oter an . area ^ nearly double that through 
which it previougly entered the tiiye^es ; th^ while the volume of 
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air introduced thd same, it is made to act over a great area of 
fuel, by reason of which, also, the force of the air blast as it in(>(;ts 
the fuel is oorrespoudingly reduced and is therefore much soller. 
In this iilpner, it/will observed that the various expaudi^d 
tuyeres j^rm’ nn almost continuous cireuIa|[^,|pyQr6 similar to that 
of the Herberts cupola. Another feature in the Whiting cupola is 
that the tuyeres referred to, and forming the first or lower row, are 
arranged so that they;are capible of being adjusted vertically, 
which feature the m^fers jb^iwider desirable, so that the tuyeres 
may be adjusted to suit of work, kind of fuel, or changes 

in the inside diameter of,‘the"'cupola. The upper now of tuyort'n 
shown are capable of being closed by means of independent dampers, 
and may he utilised when a greater supply of air is required in a 
given time, say for quick melting or large heats. 

The air-inlet branch A P is fitled to the side of air belt, so that 
the air blast enters the annular chamber in a tangential direction, 
causing it to rotate around the shell with a apiral-like motion, by 
reason of which friction is reduced and corresponding economy of 
power is obtained. 

As regards the rate of fuel consnmptiou obtained, the makers 
state that in a Whiting cupola of average size, with good heats, the 
proj)ortion of iron to coke, bed included, is 10 to 1, i.e. 2 cwt, of 
coke per ton of iron melted. Special records, however, have been 
obtained, showing ratios up to 13 and 14 to 1 when on very 
moderate heats, melting iron for architectural and general found l y 
work,i.e. equivalent to 1 cwt. 2 qrs. 4^ lbs., and 1 cwt. 1 qr. 20 lbs. 
of coke per ton of iron melte^ Such results, when compared with 
those obtained from theoretical considerations, as stated in pages 102 
and 103 it will be seen, approach the theoretical limits there laid 
down, and must therefore be considered highly satisfactory. 


Centre Blast., 

Among the latest developments in cupola practice is the intro¬ 
duction of the air blast at the centre by means of a centrally fixod 
pipe of sufficient length that the orifice will always be above the 
highest level of molten metal in the cupola. The earliest sugges- 
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tion of practical importance seems to be that of T* B. West, of 
America, in 1889, which, later on in .1892, he practically adopted 
in the manner illustrated in Fig. dl. / 

U is a passage formed in one-half of |he tiap4o(^>for con- 


Seetion of Cupola. 



Fig. 51.. ' 


<■ , ^ 

ducting the air to the wntre tnyere. Thn si^otional aJrw'necessary 
is one-thirtieth of the sectional area of ctipola.' ' i ^ 

V, the width of the cirenlar orifice, should range from 2^ to 
o inches, larger spacing being a4opt^ for long heats. 
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W and L arC BTancbas from the main blast pipe, fitted each 
with a yiid^).&h t^at.theT^nired of outer and centre blast 

^^Ifis an eiflarg^ scictioUof the cap castini^, 
wifi^'i^&l^^jaot ba less fhan 1 ^: 1 ^ thick, in order that the 
refraotoij coating shall adhere litmly and resist the downward 
action of ths''tiu|K}la 'hhiu;^,;- dr load. This casting should have 
large prickeiS, hs shown at ^ P, E, about 2 inches long; the lower 
edge at A and B. should also be closely pricked with a double row 
of ^-inoh rods or nails. The'recess J should be 3 inches deep, lu 
suit'cap-holders Y, Y, Y,,. 

To the right, in Eig. 51, is a cross-Kction of the centre tuyere 
tube, which k also made of cast iron, ribbed vertically, as shown. 
Malleable iron rings are also shrunk on as shown, in order tc* 
further secure the refractory coating. The coating should be well 
dried before being subjected to the working temperatures. || 

In Fig. 51 is also shown a plan of the drop door, from which 
it will be seen that it is in two halves, each being hinged nt 
opposite sides. In, one half is formed the centre tuyere and cun- 
nectiug air passage. 

Centre blast may be used alone, but it is recommended in 
conjunction with the side or ordinary tuyeres, the latter being, of 
course, reduced in area proportionately. The centre tuyere in 
such (^ises should be rather higher than the side tuyeres. ]>y 
such modifications in the method of supplying the air for com¬ 
bustion, fuel is said to be economised, less wear and tear iu tho 
lining, less absorption of sulphur, also hotter and cleaner iion, &(;. 
The followiDg ^tements by Mr. West regarding the rate of coke 
consumption are, however, and will serve for the 

purpose of comparing coke e 0 ci^|^with that of other types of 
cupolas. 4 , 

, With heats tphniiig from40 to 70 tons in a cupola with centre 
and binary hW combined— , . / '/ 

. * ' V V ^ !' ‘ /' 

t» *• F.ttOl, Including ’ * I ^ 

; . . y. ; ' ■'.Iiin mdW - ' ft •* iS' 



With a cupola, but without cen^ blast, and otherwise 
under exactl|^ Ae same coiiditions of fnd, falact, &c.— 



dohehty curoLA puocess. 


n ^ 1* » /• itidudinsr bal 1 

DeotKKuIts. = 


cw^i qi*. n% 


Batio: 


Iron mdled 


~ 1 1 «Quivaleut to 2 ,: p ^ 5 ,<,.001^6 sor ton of ii 

^ '-f -v/y,;''.* ■' .VS'’ ’ 

1 ■■‘I'*v t. \ *; 0 ' .v, ^ i,'.>- ,'■■■' 
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Taking these results as they stand ap representing the merits 
of eciitre blast, there (foes not seem much to claim on the point of 
(economy, as compared with the results obtained with the ordinary 
cupola, Greiner and Erpfs, or Stewart’s Eapid Cupola, already re¬ 
ferred to. Further details as to results of practical tests with the 
cen(>rc blast are necessary before a satis&ctory idea of its merits 
can be formed. 

Another process in cupola practice is that suggested by Doherty, 
ill which the essential feature consists of introducing dry steam at a 
pressure of about 80 pounds per square inch along with the air blast 
at each tuyere, the action of the latter having the desired effect of 
biiely dividing the steam as it enters the cupola. By these means 
it is claimed that the temperature of the furnace is materially in¬ 
creased ; also that the free hydrogen resulting from the decomposi¬ 
tion of steam (HjO) tends to the purification of the metal. That 
these advantages will be attained is not quite evident, when it is 
considered that, in the first place, the direct effect of injecting steam 
on red-hot fuel is to lower the temperature, owing to the abstrac¬ 
tion of heat from the red-hot jfiiel—as already described in relation to 
gas producers—which is the only source Of heat necessary for disso 
ciatioii or decomposition of the two elements of the steam (HsO). 
Again, even after decomposition the free hydrogen present is not 
likely to combine with any of the various elements present in pig 
iron to any material eitent, because hydrogen has less ailinity than 
the adjacent iron for most Of the elements, present in pig iron; and 
as for any increased efficiejtey in thq cohe consumption, it should be 
remembered that the qimtity.ef‘||eat developed by recombination 
of the dissociated hydrogeh {even if its combustion took place 
within or throughout the'charge) is just, equal to, the quantity of 
heat absorbed ^iu the fiht pt^ tp effect its separation from the 



roCNl>lNG AND CASTING. 


].% 

oxygen when in the form of' steam (HaO); so .that the hivit 
apparently gained simply balances the amount of heat previously 
spent, and therefore there is no actual gain in the total heat 

delllope4. !. 

C.DJPOL4S GSNEIIAiLY. 

' ' The propc^ shape of the interior of a cupola is a subject on 
which there is considerable diversity of opinion, as indicated by 
the various forms illustrated. In the later examples of ordinary 
cupolas already referred to, the sides are very slightly curved in 
some, and in others they are almost straight and slightly inclined, 
so as to increase the diameter at the charging door. It has also 
been suggested that the correct form of a cupola, from the tuyeres 
upwards, should approach that which the interior assumes aftrr 
doing work. This certainly points to increasing the diauK'tt'r 
immediately’ above the tuyeres at the zone of fusion; it also 
suggests that the blast should be directed as near to the centre 
as possible corresponding to centre blast, or something approach¬ 
ing centre blast, such as by contracting the area at the tuyeres, as 
shown in Figs. 41, 42, and 43. In carrying out the latter idi'a 
care must he taken not to reduce the crucible portion of the 
furnaco below that which is capable of collecting the retpiired 
amount of mcdtcn metal; and for that reason, in some of the 
instances referred to, that portion of the cupola below tlie tuyeres 
is again expanded. The tnyere-holes should be*lightly inclined 
downwards towards the centre of the cupola, in order that molten 
metal may not lodge or accumulate so readily in these passages. 

Any system which leads to the re-formation of carbonic oxide 
into carbonic acid (00:^) permanently, so that it escapes as sucli at 
the top of the charge, must considerably increase the fuel efficiency 
and economy. Further economy would also be obtained by the 
proper utilisation of the sensible heat of the gases at present 
passing off at the chimney top. 

For small cup(»las a lining of well-rammed gannister may ho 
used, or washed scrajjiugs from off flint roads, if in a clay district. 

The material was at one time commonlj applied by ramming it 
down between the inside of the cupola and the outside of a wooden 
core or block of the same shape as the euj^la, but soijiuch smaller us 
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to leave the desired space for the lining. Tlie wooden hlpck must 
be so made as to bo easily taken to pieces to be removed, on the 
principle of a bootmaker’s last. This plan is still occasionally 
practised, especially in France. Great care is reqnired’^m drying 
this lining, as it is difficult to prevent unequal drying, when parts 
of the lining will probably become detached the first time it is put 
in blast. 

It is therefore decidedly preferable to use special fire-bricks, or 
“ lumps ” for the lining, especially for large cupolas, although as a 
rolractory material ganiiister is scarcely to be surpassed, consisting 
of nearly pure silica, with a little oxide of iron and alumina. 

In the choice cf fire-bricks care must be taken not to rely too 
implicitly upon a mere analysis of their constituents, as a good 
deal depc'iids upon aggregation of the particles; for two clays 
may restimblo one another very closely on a comparison of their 
analyses, and yet one may be very fusible whilst the other is 
extremely refractory. 

I lio fire-brick lining, except for portables, should never be less 
than 9 inches thick, the bricks all being laid as “headers,” with 
fire-clay joints not exceeding about 6hp quarter of an inch in 
thickness. 

The fire-clay used for this purpose, and also for backing up 
the brickwork to the casing of the cupola, should be the same clay 
us that from which the fire-bricks have themselves been made, so 
ihat when at high temperature there shall he no tendency to any 
cliomical reaction, such as might be caused by only a slight 
variation in the constituents of the clay. 

For the same reason it is necessary that the fire-clay be kept 
in a covered store, protected^ from dirt, rusty borings, or other 
rubbish likely to injure its purity. 

The damp, loamy sand used for the bottoms of cupolas should 
n()t coutaiii much alumina, and should be rammed well down, 
c^j)ecially where it touches the walls. It should he about 6 inches 
lliick at the 6uter edge, slightly hollowed towards the centre, and 
with a good fall towards the tap-holW 

When the cupola has a movable.> iron bottom, care must be 
taken not to put so little sand on it as to risk burning the truj> 
away, whilst, ou^he other hand, if the bottom is too thick, it will 
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be more difficult to break down when it is wished to empty iho 
cupola, espeoialtj if the sand contains a large percentage of day 
tending to make it hake hard and solid* 

'wWl' ' ' _ * 

' . TuyjaiES, 

The tuyeres for large capdas may be protected from the boat 
to which they are exposed in the same manner as blast-fiiriia(;e 
tuyeres, but the destructive action to which they are exposed is 
less than that which bhtst-furnaee tuyeres have to bear, where 
they carry in highly heated blast into the furnace. 

The usual method of protecting a tuyere is by keeping up a 
circulation of cold water round it, which is effected in a variety of 
ways, great care being necesrory to prevent any leakage into tlm 
furnace, a source of much dai^ger to the men. 

Until recently all the tuyeres in use since the introduction of 
hot blast first necessitated a water tuyere may be classed under two 
heads, munely, the coiled tuyere and the water-jacketed tuyere. 

The coiled tuyere is generally made of a coil of wrought-iron 
tube imbedded in the sides of a hollow case of cast iron. Some¬ 
times the coils are wound close at the nose of the tuyere, in ordiT 
more effectually to prevent the cast iron from burning; and some¬ 
times the tuyere itself is formed entirely of a coil of tube, closely 
wound from end to end. 

The water-jacketed tuyere is generally’made of wronglij; iron, 
and consists of two conical tubes of different diameter, coiineotod 
at each end by rings of wrought iron welded in, so forming a space 
between the two concentric walls of the tuyere, which is filled with 
water supplied under pressure, and. generally brought in throngJi 
a feed-pipe at or near the bottor^^nf the tuyere, and allowed to 
escape through a second pipe in the upper side. 

Phosphor-bronze tuyeres are generally fixed in a cast-iron 
casing or box, beyond which they projecfcinto thQ^furnace for the 
p.reater part of thoir length, and they are sb’ ar^god that they 
can be turned round in/the cast-iron plate or box in order to 
expose a different side of tl^ tuyere to the action of the materiids 
*in the furnace, (Ireater duraHlity is claimed for phosphor-bronze, 
than for gun-mctal or copper, but each mefal ppssesses the same 



TCl'El'.ES. 


i:;d 

advantage of preventing adherence of slug, scoriae, or iron to the 
nozzle of the tuyere, whiph is the only object to be gained by the 
use of copper or its alloys in preference to iron* Additional pre¬ 
cautions as to water BUjp]^y have to he taken Where such metal is 
used; as, owing to the low temperature at which it moltB; copper 
Inyero maybe more rapidly destroyed than an iron tuyere where 
Hiiy overheating is possible; but under favourable conditions both 
giiii-metid, copper, and phosphor-bronze tuyere have been foiiml 
V('ry durable, and the advantage gained by keeping the blast 
nozzle always clean and fully open is an important one. 

Tlie open spray tuyere invented by F. H. Lloyd, Fig. .02, 
consists of two concentric conical tubes, closed at the nozzle but 
open at the rear end. The water 
sn])i)ly Is connected in the usual 
manner with a flexible hose, and 
various systems of spray pipe|. 
arc used to suit various sljapes w' 
tuvercs and various conditions of 
Wiit(M’ supply. The sprav pipes 
arc made either of wrought iron, 
brass, or copper, and a sufficient 
amount of water is allowed 
to escape through small holes or slits in the spray pipes to 
protect every part of the tuyere casing which is exposed to the 
heat of the furnace. The spray or jet of water from each hole in 
th(j spray pipe spreads over a considerable surface, atid a small 
number of holes is, if they are properly placed, sufficient to keep 
the whole iuteiior surface of the tuyere casing constantly wet. 
Scarc-ely any steam -is visible, and the waste water passiffl away; 
ul b r cooling the tuyere, at a temperature little exceeding that at 
wliicli it entered, unless a large portion of the tuyere is exposed to 
violent heat^^.which^^casei the temperature of the walite water is 
certainly no*|p^ter tban it would be from a tuyere of the old 
system placed tinder the some conditions. The spray is principally 
directed to the loose end of the tuyere and b^ts back to some 
extent on the top and sides, which are also protected by a sufficient 
number of additional sprays from holes dnli^ in the spray 
j)ipes. The water {alls round and end of the tuyere and 
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escapes from the back through the waste-weier pipe as shown in 
Fig. 52. 

The aomber and position of the tnyere-lioles very ranch 
depend upon the size of the cupola, tl^/^uality of coke, and the 
nature of the pig to be employed. 

For some small cupolas, only one tuyere is used, which is 
placed at the back of the cupola, about 15 inches above the bottom., 
According as the diameter of the cupola is increased, so must the 
number of tuyeres be increased around it in the same horizonhil 
plane, in order to generate a uniform heat at ail points in tlu' 

. furnace. If the cupola is of a comparatively small diameter, several 
tiers of tuyere-holes should be arranged one above the other, 8 or 
10 inches apart, so that if i^^, required to melt a large quantity 
of iron at once, the tuvereel M k be raised from the lowest range of 
tuyere-holes to the range 'ffict above it, the first range being 
plugged with fire-clay; when iron is melted to the level ot 
the second range, it is also stopped up, and the next higher put 
in operation. 

But the ])roces8 is much simplified by having a cupola of large 
diameter capable of bolding a considerable quantity of liquid iron 
with but a small rise in height inside. There is tlien no neces-sity 
for more than two or three tiers of tuyere-holes. Of course, these 
observations do not a])p]y to cupolas furnished with a belt. 

It is obvious that if still larger castings are required, the metal 
can be accnmulafed in this way in ladles from two or more large 
cupolas, without the inconveniences of the shifting tuyeres, and 
the dangers arising from the pressure of great heads of metal 
necessarily incurred with cupolas of small diameter. Tlion^ is» 
however, a liinit of time in this intermittent process. In the first 
place, it is obvious that the metal must not be kept ,tpo long iu the 
ladle before jKiaring; and in the nest place, sl^-jajP accumulalo 
in the cupola, and the yield of liquid iron"per will bo con¬ 
siderably decreased. -* 

The air-main from the fan to the cupola is provided with one 
or two upright cast-iron pipes, which may either lead into another 
pipe surrounding the cupola, or be connected directly to the tuyere s. 

In the first case the pipe sui^roundihg the cuj)ola has as rnany 
openings in it as there are tuyeres, and the nqtszles of the tuyeres 
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firo attached to these openings. In the second case, where the 
liiyore nozzles arc fixed on the upright blast-pipes, it is obvious, 
tliere must ho as many upright pipes* leading from the blast-main 
as til ere are tuyeres in the circumierenoe of the cupola. 

In arranging the air-main from the fan to the cupolas, by-pass 
valves should be so arranged that the blast can be shut off- from 
any one cupola at any moment, without interfering with the supply 
of blast going to the others. In some forms of those furnaces 
j)i»vi(lod with a belt, means are provided for separating the blast 
of the upper or lower row of tuyeres, or again from any particular 
jiair of tuyeres, at will. 

It is Boinetimcs advisable to have a movable iron screen to 
protect the furnace men from the heat and smoke which issue from 
tlio feeding mouth during windy wfjs^er, hut however easily these 
refinements can be made to work, the men seldom avail themselves 
of Iheir use; besides, when a cupola is in blast, the furnace man 
lias to ]<cep a sharp eye upon the feeding mouth, to regulate the 
f^ujiply of materials, tho proper combustion, and the uniform descent 
of ilie iron and fuel. 

One of the most important modifications in the construction 
of tlie cupola has been the introduction of the falling hinged 
1 rap-door, shown in Voisin’s furnace, Fig. 43, to allow of the 
\\h(»lo contents to be dropped into a pit beneath tho cupola, after 
lapiung; by this arrangement the cupola is much more easily 
and (juicldy emptied when "done work,” than by the old and 
I'atigning process of " raking out.” When tljis arrangement can 
be iidopti'd, that is, when there is the power to have a clear gang¬ 
way left beneath the range of cupolas, it, ,jyiecessary to pay great 
attention to the proper »irrangement and ||fength of the suj-ports 
ibr the cupolas. 

A hrickjjpiel for the blast-pipes should be built behind the 
cupolas, the^P^ and^ifrouts of the cupolas should be cairied on 
.strong brick piers, with a vaulted brick passage passing directly 
under tho cupolas, leaving the central portion of the bottom of each 
cupola quite free. Light iron trucks running onjirails laid in this 
pas-age will be brought under any cupola that is to be emptied, 
will receive its load of coke and slag, and will be run away to tlie 
pit, where its cottents will be emptied and quenched, preferably 
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by a hose and jet,%o as to avoid nnnecepsarily aatnratin" tlie coke 
as is done Vfhen it is bodily cast into water troagbs to be cook'd, 
and when the coke is again used, the whole of that water has to 
be evaporate. 

The mode of forming the trap-door is as follows:—The brick 
lining of the cnpola* rests upoti a strong flanged iron ring, wliicli 
is supported by cast-iron columns resting on the brick piers. 
central circular aperture, as large as the interior of the cupola 
hy this ring, is closed by a wrought-iron trap-door hinged to the 
hack of the cupola, and secured in its place by b^lts, wiiich can le 
easily drawn by a sharp blow, so as to let the trap full vertically, 
when the whole of the contents of the cupola will be received in 
the trucks beneath. 

The trap being left opeh|jallows a current of cold air to pass 
up through tlie cupola and chimney, so that in the course of about 
twehe hours the lining has cooled down snfliciently to allow the men 
to r^air it, and put in a fresh bottom of loamy sand. 

In places whexe this system cannot be adopted, and the raking 
out of the cupola from the front, on the old plan, is to be usf'd, 
the breast opening should be left about 2 feet square, to be closi'd 
by a falling apron of wrought iron, having a small opening left 
at its lower edge for the tapping hole, 4 or 5 inches wide, by 
6 or 7 inches high. 

When the cnpola is to be charged, the apron is loft full open; 
firewood and coke are charged into the cupola and ignited, and 
when the coke is well alight, a quantity of loamy send is shovclltd 
into the breast openiug until it is quite full, and is tightly rammed 
in; the apron is tbe p^ ou^ht down forcibly through the super- 
liuons sand ; or the'fPIp inay be closed before the fire is lit, and 
the furnace man, when pitting in the sand bottom, must also fill 
up the breast opening with the same material, to the iron 

apron, and to the full thickness of the bri^liain^lPhe cnpola. 

In either case care must he taken to preserve the tap-hole 
(made as before described) open, which mnst be on the level of tla; 
shoot outside. ^This tap-hole is, of . placed so as to come 

within the orifice left on breast opening. 

Wiira the metal commences to fiow, the tap-hole is closed in 
the usual way. ; • ^ 
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In the disposition of a range of cupolas, ifcttention Bbonld be 
pfirticularly directed to placjing them conveniently for access with 
ilie raw materials, all of which it must be remembered ^ve to pass 
•along the charging platform to the ftirnace mouth, and are much 
more bulky and weighty than the output of castings. 

It is advisable to keep the cupolas, the tapping floor, and the 
charging platforms in a separate building from the rest of the 
ibundry, but communicating with it, and to have it covered with a 
light corrugated iron roof, but provided with means of obtaining 
a.mj)lc ventilai ion. 

The charging platform must be strong enough to hear the 
jiassago of the heavy loads of materials passing over it, and of 
suflieieiit area to allow of the separate stacking of the coke, lime¬ 
stone, pig and scrap iron employed in each cupola: also for the fire¬ 
brick and fire-clay required in repairs and lining. 

There are various methods employed for raising the materials 
on to the charging platform, the most costly and inconvenient of 
all being manual labour, except in cases of very small foundries. 

A travelling steam-ci ane which can be moved to serve any one 
of the range of cupolas, or a hydraulic lift, such as that shown on 
I 'ig. dO, page 108, which will hoist a truck load of coke or iron from 
t)!o ground level to the platform, are the arrangements employed 
in tlje best works; all materials reaching the charging platform 
sliould pass over a weighbridge, and the furnace man in charge be 
iuad(^ to keep an account of these deliveries. 

In charging coke into the cupola, a wide steel fork, with about 
eight round tines or prongs, will he found more convenient and 
economical than the common shovel generally used, as the coke will 
h»i less broken, whilst the breeze and dirt wifi not he thrown into 
cu2)ola, as with the shovel. ^ 

In cases.Inhere the coke is very friable, or has had to bear much 
carriage, the percental of breeze becomes a material element in 
the cost of fuel; if thrown into the cupola, much of it is immediately 
hl(uvn away, whilst any dirt put in with it of course represents so 
much the more slag to be dealt with; 

The breeze, if kept clean, can, be ground into cokerdu'st, to he 
US' (1 by the mouMers. ‘ 

Sujiposing tlic (mpola to be cool, hut in good working order as 
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to lining, tuyeres, &c., the falling iron door at the hottom, if tlia 
cupola is provided with one, must be closed, securely lastciu d in 
its place, and then well covered with sand; moulding sand is used 
when only a small quantity of iron is to be smelted; if a lari^c 
quantity of melted metal is required, a more refiactory sand is 
desirable. A wood fire is then lit in the cupola, upon which cela*, 
coal, or charcoal is placed, the tap-hole being left open to 8U])ply 
air to support the combustion, the tuyeres also being left open. 
When the furnace is thoroughly heated, and combustion has 
extended itself well up and above the tuyeres, the fan, or bl()^Yer, 
is put to work. Before putting on the blast, however, the lujge 
tap-hole must be closed with moulding sand, or good fire-}iroor clay 
and sand mixed, leaving a small hole at the bottom, which servos 
as the tap-hole for the iron. This should be about 2 indies 
diameter, and is formed by placing a tapered iron bar in tlio 
])lace where the hole is to bo, ramming the sand tightly ar(nnid 
it, and removing it as soon as the hole is properly and securely 
moulded. When the blast is put on it will drive a flame throiigli 
the tap-hole, as well as out of the top of the cupola. The tap-hole 
is left open to dry the fresh loam and sand, and also that ils 
sides may be glazed or vitrified by the heat, so as to resist the 
friction of the tapping-har; the heat also serves to glaze the lining 
of the cupola in those parts which have been mended with fii e-clay 
since the last smelting. 

When the cupola is intended to hold a large quantity of 
iron, the large [tap-hole should, he covered witli an iron plate, 
securely fastened to the iron casing, leq-ving only the small tap-hole 
open. ^ , 

.^Commence charging iron as soon as the lower parts of tlie 
fuTOace show a white heat, which is best known by the colour of 
the flame issuing from the tap-hole, it being at first a light hliK , 
but afterwards becoming of a whitish .colp^. About ten iiiinutes 
after charging the iron, the melted inetal a/|q)ears at the taji-liole, 
which must then ho closed by a stopper made of loam, whicli lias 
, l^eon worked by band to a proper consistence ; a round ball of 11ns 
. is placed on a disc of iron at the end of an iron rod, and is forcc'd 
into the tap-hole; this is also done when it is wished to sto]> a 
lapping out with the bott or bod stick, as' it is talked, but is then a 
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more difficult operation, as the molten iron frequently squirts out 
pass the bott stick whilst the men are trying to apply the plug. 

The cupola should he kept full, whilst in blast, or at least so 
long as iron is melted, by alternate charges of iron, fuel, and lime¬ 
stone. Fuel is generaliy put on first, then iron, and, lastly, the 
Jiiuestone, and the charging continued without intermiffiion, until 
all the iron required at that time is melted, when the charges am 
stopped. The blast is, however, kept on until all the iron has been 
tapped. As a matter of experience, it has been found that the 
interior form of furnaces greatly affects the condition of the metal, 
and thus influences its applic.ibility to certain uses; thus cupolas 
wliich are larger in diameter at the bottom than at the top work 
liotter than those with parallel sides, and also last longer, os the 
melted iron, which is apt to cut the fire-brick, then sinks more 
through the materials in the body of the cupola than it does in 
cupolas with parallel sides. The amount of taper to be given to 
the lining depends upon the size of the cupola; a large one will 
bear more taper than a narrow one. 

If it is intended to melt differe'nt qualities of iron in the same 
heat, a thick layer of fuel should be placed between the various 
brands, so as to allow of the extraction of all the iron which was 
firs^t charged, before the second appears at the bottom. 

In such cases it is preferable to first melt the grey iron, or that 
iron which is to make soft castiug-*, and white or hard iron after¬ 
wards. 

When as much iron is melted as is required, the clay plug of 
the tap-hole is pierced by a sharp steel-pointed Imr, or iron rod 
driven by a hammer, and the metal run into pots, or it is run 
directly into the mould by means of gutters moulded in the sand * 
of the floor. Between each successive tapping of the iron, the t#p- 
liolc is closed, and more iron is allowed to accumulate in the bottom 
of the cupola. 

Where more iron than the furnace will hold is required for one 
sting a portion of it is poured into a large ladle, which is kept 
until another charge's readjl and this process, as before remarked, 
may he so managed as to obtain good-sizod castings from a small 
cupola. 

Less coke is jougumed when the fusion is pushed more rapidly 
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to collect a greater quantity of metal for Imary casting, as tlie iron 
required besides is not so hot as for smaller castings. About one- 
ha^ more coke, on the Contrary, is consumed in melting metal for 
hollow ware, and ornamental work, as these thin, straggling castings 
^quite metal at a much higher degree of heat than the largiu*; 
and were such metal suffered to remain long in the bottom of tbe 
furnace, it would run a risk of getting too cold to afford sborp 
impressions of the moulds. 

The greatest source of waste, however, occurs when iron is 
taken from the same furnace at one time for light, thin gooJs and 
for heavy work. For as iron becomes less fluid the lower its tem¬ 
perature falls, it may he at first at such a temperature as ^Yill k; 
suitable for the former kind of goods, while iron at a much lower 
one would be suitable for heavier casts. We may observe that wlnm 
iron is drawn too hot for such a purpose as the latter, it must lie 
allowed to cool before being poured, and the cooling is quickened 
by the introduction of scraps into the melted mass. 

In foundries turning out 60 to 100 tons of castings per day of 
12 hours, six men are necessary for the charging and general re¬ 
pairs to the furnaces, when in duplicate, as shown in Fig. 30, viz:— 

One man for charging and generally superintending. 

One man for assisting in the charging direct. 

Two men for breaking tbe pigs into two pieces and placing 
these conveniently for the men charging the furnace. 

One man to stand by at the tapping hole and superintend the 
regulation of blast, so as to supply the required quantities of metal 
from time to time. 

One man for breaking" o^n scaffoldings, &c., and fettling the 
furnace generally, ready to commence charging, also lining ilie 
XDtCtal ladle inside with loam or rock sand. One man or more may 
be required, according to cirmimstanoes. This, however, must bo 
left to the judgment of the fouimry manager^ 

When the work of the cupola is over, the workmen referred 
to commence opening up and clearing out the remaining rod-liot 
char and metal. To this end they blfak down the temporary clay 
work that narrows up the tapping ^r |o one small hole. Having 
cleared t^his away, a plate*.iron fence is up opposite the door 
behind which the workmSD stands and over whieb he shoots a long 
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rod, kneed at the end, into the fnmaee to iooseil the contents, con- 
sisting of refuse coke and clay, and drags them out while yet hot; 
fur, if suffered to remain tiU cold, they would be congealed into one 
comj)act mass. This operation is much more easily p^formed in 
cases where the cupola is built with a movable bottciim, as has 
already been described, as it js a very slow and laborious task when 
done with the raking bar. 

Tlie quantity of coke consumed depends not only . ii^l^ the 
quality of the coke itself, but also of the iron to be melted, ^ Thus 
No. 1 hematite or cold-blast iron requires much more coke than 
Scotch or Cleveland. Anthracite coke, which is harder and denser 
than any other coke, requires a stronger pressure of blast for its 
effective combustion, and in such cases a blower is to be preferred 
to a fun, as giving a stronger and more effective blast. 

It is absolutely necessary that the furnace should be kept in 
good repair, so as to preserve its shape, and the charges should 
also be made level and uniform in thickness as well as being care¬ 
fully weighed. Every care in this respect must be insisted upon, 
as it is absurd to expect anything but wasteful results unless each 
charge bears its proper relation to the preceding, which can only be 
the case by constantly using the weighing machine. 

1 ioih time and fuel are no doubt oconomised by the use of hot 
blast supplied to the cupola, hut such economy would seem to be 
very small unless the temperature of the air can be brought up to 
from 700° to 1000°, although it is well known that with hlast- 
fiirnaces an appreciable saving of fuel is obtained for every increase 
in the teiiiperuture of the blast BU]>plied. But in that class of 
work the furnaces are so large, and the fuel consumed is so 
enormous in quantity, that oven a small percentage saved umounts 
to some considerable gain at the end of the year ; this is shown by 
the fin t that old blast-heating stgjpes which gave a temperature of 
about 500°, were generally replaled by improved cast-iron-pipe 
stoves, which could be worked up to or a little beyond 800°; these 
in their turn being rapidly swept away in En gland, America, 
France, and Belgium, to be replaced by jSre-brick stoves, with whicli 
the blast can be heated to about 1200° pr 1400° Fahr. 

It must be remembered, however, that to produce a ton of pig 
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coke, 'even more, and consequently when it is clearly 

seen that by adopting fire-brick stoves to obtain a high temperature, 
a saving of at least 5 cwt of coke is effected for every ton of pig 
produced, an ironmaster can at once appreciate the fact that such 
ftppliani^ will very soon pay for themselves. 

Unfortuitetely for the cupola its case is by no means so clear. 
In the ffrst place, only pig iron is melted, in it, and that generally 
not in^^p^ large quantities at a time, and most cupolas are only 
worked; intermittently. The consumption of fuel lor the work 
done is not very large, seldom exceeding 2 cwt. of coke per ton of 
iron brought down, consequently the general feeling appears to be 
to construct cupolas of the best known form, but not to adopt costly 
appliances for saving fuel, as they involve complication, are neitlier 
liked nor understood by the men, and even if successful make little 
alteration in the prolit of the concern. Such reasoning is very 
obstructive of scientific improvement, but may be very good prac¬ 
tical wisdom. 

Notwithstanding this laissez-aUer principle, there have been 
many attempts to heat up the blast supplied to cupolas, but in most 
cases failure has occurred from the difficulty of obtaining a realhj 
high temperature. 

’ It has been proposed to surround the cupola with a jacket; 
others have placed piles of air pipes and passages over the cupola 
mouth to abstract the heat from the waste products of combus¬ 
tion, but in such arrangements the iron exposed to the heat will 
not long stand a high temperature without warping and leaking, 
and a low temperature, as bel'ore remarked, is of no practical 
utility. 

In country works there are times when_ a small quantity of 
metal only is required to be melted, much below the usual burden 
of the cupola, and if for this 6n||^ cast of mefeil it is necf ssary to 
work through with a full chari^ for the cupola, much fuel is un¬ 
necessarily burnt, and much time lost. 

One remedy for this evil, as practised in France, consists in 
building a cupola rather large in diameter, and lining it inside with 
damp, loamy sand, rammed hard into phice round & number of 
wooden cores, which are afterwards removed. 

This arrangement gives the power of. varyihg the internal 
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capacity and shape of the cnpola to large at a compara¬ 

tively small cost, and with no very great delay* 

In the United States pnlvorisei coal and fine slack have been 
used in cupolas. The practicability of this utilisation of a com- 
jiaratively waste product was discovered in the following manner. 
There had Ijeen some trouble through scaffolding in the cupola, 
and to melt down the Salamander,'* the manager wit^ircw the 
tuyere-pipes, rammed in a lot of small coal through 
holes, and again put on the blast. The scaffolding was iifl^ed in 
a very short time, and the work proceeded as usual. The blast- 
pipe was then perforated, and a small quantity of fine coal was 
Buj)pliod to the cupola through the tuyeres, which it was found not 
only prevented scaffolding, but caused the cupola to work much 
more rapidly. The great waste in melting iron in a cupola usually 
occurs at the zone of the tuyeres, on account of the large quantity 
of air blown in, and the absence of carbonic oxide at that point. 
What little carbon the air comes in contact'with at this point 
forms carbonic acid, which is almost, as destructive to the iron as 
free oxygen. 

The principal waste of the metal occurs after its fusion and in 
its passage through this carbonic acid and atmosphere. 

By the injection of the fine coal with the blast its combustion is 
.secured at the zoue of the tuyeres, producing carbonic oxide, and 
thus ])roventing the oxidation of the descending metal. 

Beyond saving the waste of iron by this improvement, a much 
larger percentage of the carbon which tlie pig oonkins is trans¬ 
mitted to the converter, an advantage which would also be of great 
value in all cupolas for melting iron for castings, as the chief 
difliculty in that line is that the carbon is burnt out of the metal; 
the metal thus prepared is also said to run more fiuid, and to 
produce finer and tougher costings than that melted in the ordinaiy ^ 
manner. ) 

In concluding this section we wish to impress upon the 
foundry manager the importance of securing the good working of 
his cupolas by selecting the furaOce men from among t|)d most 
intelligent of his hands, for most the trouble in the woi ks bus 
its origin at the furnace. If this, is cobbled and not kept jp every 
way as it should*lO) c^iaut annoyance will he the result. 
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!W}i^ .dealing with the varionB quality of pig iron in a previotis 
nhapter, it was adrooated strongly that tho Tarions brands of pig iron 
or scrap should be chosen with regard to its composition os shown 
by chemical analysis. If, then, we have arranged the charge of pig 
wdaCg^to produce the quality of metal required, it will be seen 
that’^B^ in a cupola should be restricted to melting only, 
otherw& a dillerent quality of metal may be produced. The ideal 
cupola is, therefore, an electric one, by means of which heat only 
is produced, by forming an electric arc. Many nostrums in the 
form of fluxes, &c., have been proposed, however, to carry out 
chemical reaction in the cupola .with a view to further purification 
of the iron; but when it is considered that little can be done in this 
direction even when the cupola is under scientific control, it is only 
wisdom in (ordinary cases to have nothing to do with any of thorn. 

Slag in cupola practice is a natural product of suflicienlly 
fusible character, without the aid of fluxes, by reason of the silica 
which is always present in the form of sand, firmly adlerent to 
the pig iron. As the pig iron becomes sufficiently heated it gets 
superficially converted into oxide of iron. The sand (silica or 
silicic acid), although infusible alone at the working temperatures in 
a cupola. It will, however (being a powerful acid), when hailed in 
contact with any basis suletance, such as oxide of .iron (as is the 
case when melting iron in a cupda), chemically combine therewith 
to form a silicate of iron, FeOSiOa. which easily fluxes. 

1 'be amount of slag produced is also dependent on the quality of 
coke used, the ash of which has much the same composition as 
clay, oonsisting chiefly of silica, alumina, oxide of iron, lime, and 
^ magnesia. The latter four, bdn^ basic substances, are generally 
sufficient of themselves to foruiA easily fusible sl^, by couibiuiug, 
03 in the previous case, with tlm .B^ca. 

When melting pig iron in a''‘Uu|>ola under ordinary conditions 
m practice, it will he seen that a; fusible slag is not only produced 
withoi^ .the aid of other fluxes, but is'unatoidable. The com- 
positiim of, >&e slag thus formed will,.; of course, vary with the 
proportion of; sand introduced with the also^e proportion of 
ash in the ooke. The fallowing flgures^^P;e,km idea of the com¬ 
position of slag produced without thsiwd irf other fluxes:— 
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From these figures it be seeu that the sand, in forming a 
flux, combines with an equal weight' and sometimes eren twice its 
own weight of oxide of iron, hence the odvisabilify of dewing the 
j)ig iron of sand before chfffgiug. To get rid or sand, wl^h for 
various reasons is desirabli^^it has not only been Suggested to cast 
the pigs of iron in iron moulds, but in several instances this pro¬ 
cess is now being carried on in practice. The pig metal pro¬ 
duced in this manner will, of course, be chilled, so that it has a 
white fracture; the composition, however, is unaltered, and when 
remelted in a cupola and cast again in sand moulds, the castings 
produced will have the desired properties. 

Lime as a flux is almost universally used. Its action is dependent 
on its basic properties, by reason of which, given sufiScient heat, it 
combines with silica, to form silicate of lime (OaO •+• SiOg), which 
fluxes easily. The lime required for this reaction is added with the 
charge in the form of broken limestone rock, the essential compo¬ 
sition of which is Ca()-fC02. The carbonic acid (CO2) is driven off 
by calcining, as the limestone descends with the iron and fuel, leav¬ 
ing burnt lime (CaO) to the amount of 56 per cent, of the original 
weight of limestone charged. This lime (CaO), of course, ultimately 
readies and enters the slag hath on the top of the molten metal. 
The latter, being formed up to this point without the aid of Kme, is 
therefore essentially silicate of iron, which when run off and cooled 
solid, has a black glass-like appearance. By the addition of lime, 
ns described, the slag undergoes a gradual chemical change, the 
lime displacing oxide of iron, which latter is simultaneously reduced 
to the metallic state by the carbon' present in the molten iron, so 
that, given sufficient time and lime, the previously black “ silicate of 
iron ” slag would ultimately become, essentialiy ** silicate of lime,” 
which when cold and solid has a whitish colour, such as that 
from blast furnaces whrai in g<^ working order. It is doubtful, 
however, wliether lime can play the same part in a cupola as it 
docs in the blast fmna^ to even im apprecmble extent; its chief 
I'niictioii in a cupola, no doubt, teing thO formation of silicate of 
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lime, by combining with whatever sand falls to the bottom of the 
cupola/ahoombined with oxide of iron, and also by partly combining 
with any excess of silica in the ^h of the fnel. The slag from a 
cupola in which lime is added with the charge is composed chiefly 
of silicate Sf iron and silicate of lime; the proportion of the latter 
heing too small to appreciably afliect the black glassy appearance*, 
due to the oxide of iron, even when the latter is present only to 
the extent of about 5 per cent. 

Lime, by reafon of its powerful aflBi^ity for sulphur, is supposed 
to prevent any of the sulphur from tne coke combining with the 
pig iron, and, certainly, there would he less chance of the iron heing 
contaminated with sulphur as described, if the slag were maintaiiu d 
highly basic or limy. 

Fluor-spar is, perhaps, of all other additions for fluxing, the one 
which may be as safely employed as limestone. Its composition, as 


shown by analysis, is as follows:— 

Fluorine. 

Calcmiu . 

Silica . 

Oxide of iron. 

I’cr ' OHt. 
>. .. -l/'Ol- 

.. .. 50 00 

.. .. ro2 

.. -SiH 


1 Oil-00 


The name of this flux is derived from the ease with which it 
melts to form a liquid slag, that runs or flows freely. Jii a 
cupola, therefore, by adding fluor-spar, the slag should separate 
more perfectly, and at the same time cause the cupola to work 
cleaner. When, however, more than that indicated is looked for or 

4 

promised by interested parties, then only disappointment can ensue. 

To obtain the best results from fluor-spar in cupola practi(‘e, it 
is generally recommended to be used along with limestone, the 
latter being correspondingly reduced by one-thiyd to one-half tlio 
quantity hitherto used, when 9 to 10 lbs. of fluor-spar per ton of 
iron is added therewith. 

When fluor-spar is added, however, a nasty acid smell is given 
off when the metal is being run from the cupola to the ladles, and 
also from the slag-hole (especially when the furnace is in blast); 
and whfflre the cupolas are confined-and the surroundings not too 
lyell ventilated, the effects become unbearable—so much so, that in 
some instances the men liave indicated their ^unwillingness to 
continue their work if the use of fluor-sp^r Were not stopped. 'I’hi} 
slag produced by the addition of fluor-spar is of a light brownisli 
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yollow colour, at the fractare» althougb somewhat similar to ordi¬ 
nary slag in outward appearance. 

Before charging limestone it should be broken up into small 
pieces in order to facilitate its distribution throughout the, other 
charges of iron and fuel, otherwise there is a tendency for the 
Jjirger pieces to lodge close to the brick Iming. When this occurs 
at a point where the temperature is sufficiently high, the conditions 
are such that the acid properties of silicon (of which the dre-brick is 
essentially composed) and the basic properties of the lime cause these 
substances to combine, forming a fusible slag (silicate of Hme). This 
action, it will be seen, is at the expense of the dre-brick lining, which 
may become badly cut up and the proportion of slag increased 
thereby. 

During the coke efficiency trials tabulated in pages 123 and 124, 
the amount of limestone added, and the quantity of slag produced, 
were as follows:— 

Limestone added = • 2468 cwt. per ton of iron = 1 * 234 per 
cent, of the weight of metal melted. 

Slag produced = *5800 cwt. per ton of iron =? 2*900 per 
cent, of the weight of metal melted. 

Ladle skimmings = *7560 cwt. per ton of iron = 3'780 per 
cent, of the weight of metal melted. 

Approximately, 75 per cent, of the sldmmings may be re¬ 
covered as iron by returning it to the cupola tlie following day, so 
that only * 189 cwt. of earthy sulstaiices per ton of metal melted 
is accounted for in this item. 

To ascertain the composition of the slag, it should he remem- 
liorcd that 44 per cent, of the weight of the limestone has 
j)assed off as carbonic acid (CO,) (while descending along with thf 
metal and fuel, as the' working temperature in a cupola is suf¬ 
ficient to calcine the limestone, as in a limekiln), i.e. only 56 per 
cent, of the weight of limestone reappears in the slag (== *1382 
cwt. per ton of iron charged), 

'I he difference between the weight of burned lime (CaO) and the. 
weight of slag produced, i.e, •SS owk — *1382 cwt. sa*4418 cwt., 
represents the weight of the sand, ash of coke, and the oxide of 
iron which are^carried away in the slag. 

Taking the average coke Jisonsumption at 1*6 cwt per ton oi' 
iron melted, and the average amount of ash in the coke at 10 per 
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cent., tb«ii tibe |>rQpottion of slag due io coke ask. css *16 cwt. per 
ton of krpQ &om whick,,ire derive proportion of slag 

doe to tDiNide of iron iwid sand as *4418 — *16 = *2818 cwt. per 


ton (^.urOQ melted. 

Assuming that this * 2818 cwt. of slag is all in the form of sili¬ 
cate of iron (Fe0SiO2), in which the ratio —ri^“— =?!?» 
then we <^n estimate the Io% of iron as follows:— 


Weight of oxide of iron (FeO) ton of mSal melted, 


;^ 18 x^ 

132 


*1537 cwt.; 


from which we have the weight'of sand (Si02) = *2818 — ‘1537 
ss: *1281 cwt. = *64 per cent. 

Oxide of iron (FeO), as it is fonnd in cupola slag, contains 
77 *77 per cent, its weight of pure iron (Fe). 

So that the weight of pure iron (Fe) carried off in the slag of 


iron melted = 


*1537 X 77*77 
100 


•1195 cwt. 


For the other elements shown to exist in pig iron (see Tables 
of Anulysis) add, say 7*5 per cent. = *0089. 

Therefore we have the weight of pig iron lost per ton of iron 
melted, due to iron combining with silica to form slag = * 1284 cwt., 
or, in other words, the loss of pig iron by remelting is equal to 
• 64'2 per cent. 

If, as a practical ^example, we take pig iron at 45a. = £2 • 25 
per ton, and the annnal output at 20,000 tons of castings, the loss 
per annum duo to remelting 




20000 X £2*25 x *642 
100 


£288-9 


apart from the loss of dead weight due to sand; 
which, by the same process, 

20000 X £2*25 X' -M05 

^e totahloss due to the paresept^ Df i^d ptij 
the pigs (Dot including that with the fu^, . J 


£288-225 


= £577*125 
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An abstract of the foregoing figores is.$i Ihllows:— 


l ton of pig iron when remelted 
in a cupola produces slag of 
the following composition, when 
limestone flux is added ^' ** / 




liObs from skimming 


•imeiwi 

‘ '1600 dne id cinke luih 

' “*1537 dxi^ ef iron (Fed) 

*1281 sa&d{&iOf) . 

*5^ » .slag 

xs‘1895 „ earthy inomnhua^ble matter 


Total tliooroticul minimum loss V , 

rtmolaug.)a-,e95 „ pe, ton <«inn aKatei 


s 8*847 per tent, say 5 pet cent 


Theoretical Considerations with reference to Fuel 
Consumption in a Cupola. 

HavinfT in the foregoing stated some of the best results as 
regards the fuel eflSiciency obtained in cupola practice, it will be 
interesting now to investigate the probable limits to economy of 
fuel in this department, as suggested by theoretical considerations 
with reference to the calorific value of the fuel used. 

Tn the following calculations, coke * fuel of the following com¬ 
position will be taken as a standard:— 

Pt'r cent. 

Carbon.9.'»‘14 

Sulphur . 1*22 

Abh . 5‘34 

10 *87 lb. of air, i.e. 142*8 cub. feet atH^ Fahr., axe required 
for the complete combustion of 1 lb. of coke' of the foregoing com- 
jK)sition. 

Calorific value of J. Ih. weight of coke having the foregoing 
composition, and free from moisture^ is ascertained as foUo^.:— 

. '' ‘ 'i ' ' 

93 *44 per cent. X ^.sxi^«48*8 B.T.U’*. 

1*2’2 „ Buiphnr X 40‘82‘’^1t « i ' » 

Tlint is. the total beat prodiiciefl ^ lhC,Wodte <wfieh\';^ 

burned oumplete to form. And, 'iy ' ** r ' , ’ . • 

' ' ■". ■™" 

^ I? ' .''I \ I," 4 ’ , ' V 
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ProductcoDDibtistion are as follows:— 

< ' Pw- Wpl5jhtt«r 

1 .. ' , y. cotitatre. ,-,V. n>. 

,acii t.. 9S-44 X -OaCe = 8 42 llw. CO, 

' Saijptmioua acid ■. 1*22 x *02 = 0-24 „ SO^ 

^ Nitrogen (98‘44 X 'OfSOS) + (1-22 x -0385)= 8-38 „ N 

, The total weight of escaping gaseaper lb. of coke s 12*04 „ 

‘ Weights of the various compounds formed by combustion 


Ll>. 


Weight of earlwuic acid resulting from the oonibt]t>tioii of lb. enrW = 

salphutous acid , ,, „ sulphur = 0200 

uitrogen in the air for combustion of h carbon = -osit:? 

I, sulphur = ’(Kllin 


♦t 

I* 

n 


. n 


Heat carried off in the above products of combustion for each 
degree Fahrenheit:— 

Carbonic acid =: 3*42 lbs. x *2161 specific heat = *74 HT.U’s. 

{Sulphurous acid =: *24 „ x’ISOS „ = '0372 „ ^ 

Nltrogeu = 8*38 „ X *244 „ = 2 0447 ^ 


Therefore the beat carried oCf per lb. of coke con-"^ ^ 2*8219 
suuied.. • ” * 


For each degree rise in temperature. 


When the products of combustion of carbon are represpiited 
by the analysis of ordinary cupola gases given in page 123, it will 
. be found that only 52*2 per cent, of tlio carbon is burnt to foi-m 
COa, and that only 47 * 8 per ceiit. of the carbon is burnt to fortn CO. 

Under such practical conditions, where combustion is incom¬ 
plete, the products ^oombustion of 1 lb. of carbon will bo as 


follows:— 


'’W: 

■fJotbon. Oxygpn. 

Carbonic acid (00,) a 5 '2 Ih. + (‘522 X 2*60) Iba = 1*9 lb. CO, 
Oarbonicoxide(CO) = *478 „ + (*478-X 1-83) „ = 1*113 „ CX> 

, • .Nitrogen =t f (*622 x 2*86) + (*473 j<l*33) | x 3’35 = 6*779 „ N 

^ ' \ t ^ 

^2’H' Heat carried off in these products for each pound of coke coii- 
Mfhed for each degree Fahrenheit 




.A. UlUX WUV*4I *-- ' 

> dftrbonio acid =1*9 lbs. x'specific best -4129 B.T.I) a. 

as 1*113 „ X *2479 „ ' as *2761 ,, 

' = 6*779 „ X'2440 ^ =1*66*0 „ 

*240 „ X-ISSa . „ t= *0372 „ 


'^E;NUrog<m 

Stilphurous acid 


^ , ,4' 


Total loss per lb. of coi^.f &t dej^e^ s^ . 2-2802 
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Amount of Hbat BEQUifBU to MeiiT Pio Ison. 

Melting' ^int of cast irot), 2190° Fnhr. 

S[)Coifio heat ol cast ifon (solid), *13° Fahr. . 

Therefore the amount of heat required to raise! ,ton of pig. 
iron from the normal temperature of 62° Fahr.^ up to its melting 
point of 2190° Fahr., is estimated as follows:— 


Woigbt In Pounds. Rise Is Tetoperot^ Specific Heat. 

2240 X (2190°-62°) x -13 


Quantity of Seat. 

619,673 B.T.F8. 


Up to this point the metal has simply begun to melt; and to 
com] dele the melting process, it is necessary to maintain the supply 
of heat until the whole .of the metal is reduced to a liquid condi¬ 
tion. During this Litter stage (which corresponds to that of 
melting ico) the temperature remains constant, and only begins to 
rise again when the whole of the solid metal under treatment has 
become liquid. The heat supplied during the period of constant 
temperature has really been spent in overcoming the molecular 
cohesion of the solid state, and thus changes the metal from the 
solid to a liquid condition. The apparent loss of heat is, therefore^ 
called “ latent heat,” in contrast to “ sensible beat,” the latter of 
which is evident, and easily estimated by the rise in temperature, 
indicated by a suitable thermometer or pyrometer. 

In order, then, to estimate the total heat (sensible + latent) 
required to melt 1 ton of pig iron, we will take the,, results of 
experiments made by Clement,* who found that it required an 
expenditure of heat equal to 504 B.T.U’s., in order 1o raise the 
temperature of 1 lb. of pig iron to the melting point, and maior 
tain it at that temperature until the whole pound was in a molten 
condition. Therefore the total heat required to melt l.;ton of pig 
iron will be 2240. X 604 B.T.U’s. = 1,128,960 

So that witldj^, having the composition and calorific value, 
stated in pages 155 and 156, the number of pounds >.theoretically 

required to melt 1 tou of pig iron a T3,508 ^ 


* See D. ]K>';OIarke. p. 407. 


■i'.r.'V’',,. - 
1 ; ' ^/ 
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Or if Udq Ihel be eoneidered as pure carbon (see p. 73), tbe 
unmbei cf potmda required per ton of iron melted 

“* B.T.U’s. » 77 *85 lbs. 

In addition to the foregoing theoretical estimate it will be 
necessary, for ordinary cupola practice, to estimate the vaiioui:} 
losses due to the following unavoidable retarding influences, m 
order to arrive at a really practical limit to economy. 

1. We have an unavoidable loss in an ordinary cupola due to 
the particular conditions under which combustion takes place, and 
by reason of which a considorable proportion of the fuel colie is 
only ImrnJt fariioXly to form'earhonio oxide (CO), which passes 
off at the top of charge. As derived from the analysis of furnace 
gases, and stated in p. 123, only 52*2 per cent, of the caihoii in 
the luel is burnt completely to form COj, while 47*8 per cent, of 
the carbon is only partially burnt, and escapes as CO. ^ 

To estimate the loss thereby we will, in the first place, assume 
tliat the fuel is pure carbon; so that the \arious losses will ho 
represented relative to the heat developed flrom a fuel theoretically 
perfect 

Under the conditions of combustion indicated by tbo analysis 
referred to— 

52*2 per cent of carbon burned to form 00a = ^ 

47 ‘8 per cent of carbon burned to form CO = ^ 

a 2107*5 BT.U’s. 


From the most perfect fuel (pure carbon) we have, therefore 
the total heat obtained in a cupola per lb, a 9676*5 B.T.U’8. 

The loss of heat in this manner, as compared with the total 
heat by the complete comhustiem of 1 lb. of carboy is, therefore, 

= 14,500-9676*6* 
a 4823*5 B.T.U’8. 
a 33 * 26 per cent loss. 

% horn dtte to heat carried off at the top of the ehourgee in the 
of the amount of which ia^represeuled by iLo 

tumperature at which they escape ^ 
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Tn most examples ci eoi^iibmslapiif it is necessary that a certaiu 
amount of beat be retained in the gaseous products, in order to 
maintain a sufficient draught of, air..' lit ,a :;cup(^, however, ibis 
is not desirable, as the supj^j of air ihdei^dent of the chimney 
draught; being forced by m^hanical such as by blowers. 

All sensible heat as repmsented 'by the - teniperatare of gaping 
gases should, therefore, be considered as loss of efficiency. This 
temperature varies con&dderably, according to wbethmr or not the 
furnace is working and melting well. Generally speaking, the 
furnace is working best when there is no flame; under the latter 
conditions the temperature immediately over and above the cha^e 
will be comparatively low; and, taking il^Jhat the lowest practical 
tenipcuaturc is 162® Fahr., then the heat lost or carried away with 
the ])io(lucts of combustion is represented by a rise of 100® Fahr. 
above the normal temperature of 62 ° Fahr. 

The latter estimated temperature, however, must not be con- 
f«,niidcd with the higher temperatures and roasting heats, olteu 
found at the charging door of a cupola; as the higher tempera¬ 
tures referred to are due almost entirely to the subsequent com¬ 
bustion of the escaping carbonic oxide which, with the additional 
supply of air at the top, forms carbonic acid, similar to that indi¬ 
cated in examples Nos. 2 and 4, p. 73; the amount of which 
heat is lost as already considered and estimated in the foregoing 
page. * 

111 p. 156 it has been shown that the loss per pound of coke 
foi every degree rise in the temperature of tlie products of com¬ 
bustion from a cupola = 2-38 B.T.U’s. per pound. Therefore, for 
a rise of lOO”^ Fahr., the loss is . ‘ 

2*.38 X 100 = 238 B.T.tJ'8. 


That is, the loss of heat in this manner as compared with 
heat obtained in a cupola &om 1 Ib. of carbon 

23ax 




^ I 


9676*5 


or, taking the loss of heat as compiled by 

complete combustion of 1 lb. of oarboh . 

^ 23& X A,' ' 
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3. Loss due to heated products qf 'eomhmiidn eeoaping through 
the alagrhoi^ wbicli is usually open \?hile the cupola is in bla^t. 
The eiup^ht of loss in this manner will| ooursC) depend on the 
wpighi pr volume, also the temperature at which these products 
ei^pe. An approximate idea of the Tolume is obtained by com¬ 
parison between the area of slag-hole and total area of tuyeres, 
irom which we may assume that the Tolume is one-tenth of the 
total volume of the gaseous products. The weight, however, is 
dependent on the temperature, which may be taken at 98G® Falir., 
and by reason of which the weight of gases passing out of the 
sld^-hole will be reduced approximately by one-half, i.e. to one- 
twentieth of the total weight of the products of combustion. 

Taking 2*38 ]l.T.U^a as the Ipss for each degree Fahr. rise in 
tcm])erature, the loss in this manner is equal to 


2*38 X 924° rise 
^2U 


109*9 B.T.U’s.; 


BO that the proportion by this loss to the heat developed is 


109-9 X 100 
9676*5 


1 * 13 per cent.; 


1 


or, again, comparing with the heat due to complete combustion of 
1 lb. of pure carbon, the proportion of loss 


109-9 X 100 
14,500 


-757 per cent 


4. Loss due to the presenee of water in the oolce used ; this may 
vary from 1 to 15 per cent. The cause of such large quantities 
of water is often due to the excessive use of water at the drenching 
process, which is necessary in order to arrest combustion and con- 
Mquent waste of coke. It may also be the result of exposure in 
:w» wdather—the latter possibility being very ui^lf'ul as a plausible 
excuse to unscrupulous ihakers, who do not hesitate to drencji tbo 
pewly made coke .beyond what they .know to be necessary, 

■M In ah .average sample of coke, the amount of water may be 
teken at 3 pel* cent.; so that in Ordinary cupohb 'practice we have 
at once a loss of 3 per cent in efficiency, due in w*eiglit. 
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lu addition, to th^.is % spent in evapomtmg the 
said water, the Of :ip.hioh is' ^stijoyited :^'J^Uows^ 

Total heat reqnir^ to evaporate 1,1b. ^ water 
pressure = 1150 , * 

Therefore, l^t -^uired to evaporate 3 per, c^tf of water at 

atmospheric pressure » 34*5 . ^ 

So that, compared with the heat per pound of fud as burnt in 
a cupola, the'loss is ’386 per cent. 

Or, again, taking the heat lost in proportion to the heat 
resulting from complete oombustion. of 1 lb. of catbom the loss 
= • 23 per cent. 

The total loss, therefore, due to the presence of water in the 
suuipie of coke referred to is as follows:— 

Pw cent. 

■Lost! liy'weight .. .. ..S'O 

L<M8 by eva^inration ... 0*23 


Total 


From those iigur^ it will be seen that the loss due to the 
evaporation of the water is small compared with the loss'by 
w^jgbt. ^ 

5. Loss due to lieat Sjl^ied of in the dag. To estimate this 
amount, the temperature and specific heat of the slag may be 
taken the same as for molten' oast iron. The loss will, therefore, 
be represented by the percentage of slag produced, which in 
ordinary practice varies from 1*5 to 5*0 per cent., or an average 
of say 3*25 per cent.; that is, the heat carri^ oflf by'the slag, on , 
the average, will be .3*25 per cent, of the heat required to melt ‘ 
the metal, which, is only one-half or 50 per cent, of the total 
lieat by complete combustion, as shown in page The loss in ^ 


tills manner is, therefore, 1 * 625 per cent, of the total heat by com¬ 
bustion of 1 lb. of carbon. ' jr 

(). Loss due to rodiaiion of heai M 
lie seen that the fate of heat lost in tJiin .'Wre^ponds to 

the rate of heat lost while cooling, down ftitj|aco is 

emptied; the actual heat lost ^.,thd'latt^)|^^^\:bi^ng easily 
estimated by the temperature, speeito heat, and%gh^ of cupola 
lining chiefly .quantity, tak^ in iclation to the 
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time takes the famaoe to aool 4owQ| farnish a fair 
intimate* 

a^faniace ot cnpola melting at* Ike late of 5 tons jx’i 
ho^'f^iiith a coke consnmption of 2 cart, pex ton of pig iron mo]t(‘d, 
10 cwt. or 1120 lb. of coke eonsamed pjp'lmnr. The diim-ii- 
il^iifl ol^mko portion of lining afieotod by hckb are, say, 4 • r> feet 
diameiier, 10.f<^t high, and 3 inches thlc^ iidl of i^rhich is su]>po‘^ed 
to bewbite-hot at tbe time the cupola is emptied, and may there¬ 
fore be inken at 2000*^ Fahr., as the average temperature throng] i- 
out tlie 8 inches thickness. Say also that it takes five hours to eool 
down to 200® Fahr., with the bottom end closed, i.e. 1800® Falir. 
fall in temperature. 

Specific gravity of lining » 2*5; specific heat = *2 (Eaulvim>). 
Weight of lining » 5507 lb,; total heat in lining = *2 x 5307 
X 1800® w 1,982,520 B.T.tJ’s. , 

Therefore, the heat lost per hour 


« = 396,504 B.T.U’s, 

o 

from which we derived the heat lost per pound of fuel 

, ^ 5®®^ - 854 B.T.U’a. 

1120 ||| 

The proportion of heat lost compared with the heat resulting 
h:om complete combustion of carbon 

— X IQQ », 2*44 ner cent 
” 14,500 - ^ 

If we assume the thickness of lining at 1^ inch instead of 
3 inches, the loss » 1*22 per cent. , 

The following is an abstract from the foregoing calculations .— 


* ft 
wr 

‘vW 

. » 

*• ^ 


Pi I toni 

.. 33--J<)0 

the escape oft sensible beat in the gaseous 

prodtteie .. .. . 1*040 

iheosoape of sensible heat ihsougU ^g-bo1e 

piruducta .. t* „ .. '757 

moisture or water held in the coro ,, .. 2 U) 

sensible heat carried away in the giag .. l ‘ 025 
radiation of heat in every direeii^ .. .. 2*440 

la^iU) tbofael(8eepageX5$) .. 5 510 

sulphur in the iuslvKU) page 11^ «<• .. 1’220 


•No. I- Lobs due to incomplete combustion of the fuel 
No. 2. ‘ . 

\i Ne. 8, 

N6.4. 

No. 5. 

Neb6. 

No. 7. 

, 1^0. a; 


That is, the total estimated nnavoidale lostthdsd erdi>t _ 40. r.io 
jGfljry cnpola practioe. \ ^ ~ "—■* ■ 

Andniay betaheneit, sfv, 






rsrrwATi: of coke consumption in cupola PBAongE. 10" 

Tiio beat, therefot^ available melting the iron, d*c, is 
] (JO - '50 = 50 pill eeni^ |i«at complete eombustbn 

of 1 lb of carbon "o'* 

ass Britiali thermal 

The total hcatToqmred to melt X ton of pig iron; in 

tl( I 111 lu ])a"ea 157 and 158,is equal to 1,12^^00 

lluidorc, the minimum amount of coke of'the compomtion 
''l.itid, Cciptible of melting I ton of pig iron ijn an oxdiziii^ cupola 

as — 7250” ** ( lb. as 1 cwt. 1 qr. 15 lb. 

After such detailed considerations, and the results derived 
Hk idiom, statements such os 1 cwt. of coke per ton of iron 
ludl'd, \m11 be received witn considerable doubt; unless it be 
111 lined by some special process such as uould realise the total 
h( it by complete combustion of the fuel, in wbicb case the beat 
d» M lojxd per pound of coke, after deducting 1C per cent, forasb, &c., 
..s ddiilod above, wi^ld be 12.180 B.TU’s.; under wbick latttr 
I ouditions tbe minimum rate of coke per ton of pig non 

= B-li'O’®- = 92-6 Ib. = 3qre. Silbi 

It should be observed bow closely the drat theoretical estimate 
«t 155-7 lb. of coke per ton of iron melted agrees with the best 
It suits obtained in actual practice from the various types of cupolas 
ideiicd to. 
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CHAPTEE V. 

VONDEBXS A OAI.EBAS8E. 

S 0 OB is £he title Ijy wHch a number of small iron foundries aro 
known in Belgium, having plant of the cheapest and simplest con< 
struction, and yet capable of turning out very creditable work on 
a small scale. Much ingenuity and skill aro manilesied in tbe 
arrangement and manipulation of the apparatus employed, and a 
short description of the modus o^andi (in part obtained from 
Eivet’s * Encyclopoedia ’) will serve to show that in certain cases a 
small iron foundry might he erected with comparatively liltlo 
outlay, in colonies or other out-of-the-way localities; or for repaiis, 
or works which were required to be cast in siiu. In countries 
where waterfalls are available, the blowing power can bo obbiincd 
by means of the tromhf a simple apparatus well known in connec¬ 
tion with the Catalan method of redddng iron ore on an open 
hearth. 

Fig. 63 shows a side and front view of the Fonderic a 
Calebasse. 

In most of the Bel^an fonndries where this system is employed 
the weight of metal required to be melted is very small in propor¬ 
tion to the number and value of the castings made, these for the 
most part consisting of articles Whose chief cost is represented by 
the skilled labour employed in the moulding shop. Delicate and 
artistic castings for domestio or architectural reqnirements, and 
numbers of small pieces which are afterwards to be annealed, are 
thus produced. ' " . . 

For such.purposes the calebasse possesi^ unquestionable ad¬ 
vantages over |wicu}X)la, although, fiit any 4ork requiring a con¬ 
siderable quanii^ of liquid inoUi jtbe cupola |s decidedly more 
eeonomietd m consumption of ] <.v 1 . i 

The calebasse, or furnace, may be likened to small cylindrical 



I3EL6IAN FONDERIE A CALEBAS8E. 



Sfi 01J 




















106 


FOUNDINa AND CASTING. 


cupola^ ^Tid^ horizontally into ivh partsj Uom mth one tuyire, 
and 

^^idi iff nsnally mado^of plate iron, is 
from the bottom par ^^^^j ^be lower part consists 
cast>^^^ Yesee2> olrapeaw kdle^ and Imvnu' 
Stmg %ni1uid cross handles fixed to shown. This poition 
d the apparatus answers two pm^ses: it is first used as a crucihU, 
and aft^wardfi as the great ladle loc the melted metah 

The Oalebasse is placed againsti^ wall, something in the mannor 
of a smithes hearth; oyer it is a hanging sheet-iron hood, leading; 
the products of combnstiim to the fiieh 

That part of the waH'imme^lately behind the ealebasso is faced 
with good fiFe-hri(dr,and is |ia^ for the tuyere a to pass tliroiigli 
Two large fire-lumi^ uxi|]ect from the wall, and between.these tli(> 
calabasse is erecte^ W 

The upper portion k called la tour (the tower); h, le crcu^d 
(or crucible); e is the lower part. 

The tower is usually made of strong wiought iron, with i 
riyeted band at top and bottom; in plan it is of a lioise-slio« 
shape, the open side being that which is placed agaiubt the wall 
The crucible is mounted hke an ordinary foundry ladle, and 
may be of cast iron, although wrought iron is pieierablc. Its 11 > 
portions, as to depth and top and bottom diameters, seldom vaiy 
from those here shown. A small sheet-iion fan d is placed in tin 
rear of the walLtod is connected to the tuyere-pipo by a loose 
leather pipe, hftySig an iron ring at the end, which is slipped on 
and off the tuyere-pipe as requiied, being secured in place <i 
twist of iron wke. 

The fan iff generally driven by manual labour fiom a larger 
wheel with winch handles and ihl endless band^ A high spied 
800 to 1000 revolutions per is nsttal, es n strong blast is 

lj|r in which this appaTi^taOlt ssli to worlb k as follows 
k e j^jjgjb y washed, anX then lined with clay in the 
ler M[||brdinaty foundry ladle, that the ehy 
linh!kk up 0 !^ over all'iknnd, save at the 

one ^inl Whete^*i)ie tuyere-pipe otkainiil^k. kii A fire of haid 
coal k then IcMied in the to |by 4heJSiui#i ^hc towci l 
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is also lined in and a roll of islar is formed round its 

lower edge, where it to Tesli^^ ihe top of the emctble; 

Iwith the ]^e 



in the cniqtide» 

|r* — 



this is dried by beii 
When the limng 

still iu it, is placed in ppm^bn,'^ tho.^^^^pipe 

conics exactly opposite Ihoi^iMsant point left in ^ 
round the tip of the..c»rnmb^,^h ite>^ 
upon the projecting firebi^M <», Inihpb e, and it 
upon a bed of well-ramihed' sand^ 

Tlio tower is.^en placed upon the crucible, the edgei-|^^it3 
o|)cii portion beiiig'm close contact with the wall; these ed^ aie 
elay-luted to the^watii &oe, j»nd the lower edge of the tower ia also 
luted to the upper edge of the crucible. Bjcy sand" is next piled 
up round the outside of the apparatus, more fuel is thrown in at , 
the top of the tower, and a gentle blast is hept on, until the fuel 
is in a bright glow, when charging commences, and is carried on 
iu a similar way to charging a cupola. ^ ^ 

The tuyere-pipe is so arranged that by a few simple wedges ite 
angle can be materially.changed; when the first blast m put ouijt ' 
is generally directed horizontally across the top of the crucible, but 
wlien the fuel is thoroughly ignited the blast is turned do^lnore 
directly towards the bottom of.the crucible; if the fuel employed 
] >e raw coal, and not coke^ the bhud^^ directed towards the centre 
of the bottom of the crucible. V ’' 

When the metal is' the sand is in<w^ away from 

around the calebasse doiijn tb the fioor level, the lut^ Joint between , 
the tower and the crucible is brt&en, and the^toi<^er'is lifted off 
iicausof an iron bar passed through eyes’tllh its ' 

'11 I p i1_ ^ ^ __ kliL. a!..’.-.* 


lUCi 

tails out of the to 


has,also: 
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tion is entWy i^erncd by tie capticity of &'ictncible, and varios 
Irom a few to half a ton. ' 

^ O^hia^ loam is fotuid to be q^uite rei^^ry enough for tLe 
lining,iironly expoeed"^’^ gimt heat^^r a rfiort time. 

'33ie apparatus shown is capable of pij^hcing 5cwt.of motjil 
, at.^e Oj^ration, the time occupied bmngllbOTt .aa hour, when tlu^ 

. .'jmetal 'should be white-hot and vfiy liquid, if suitable pig and 
scrap haire bto employed. 

The telebasse brings down the metal rapidly, and extremely 
hot ai^diquid, which is exactly what is required in the production 
of smaU fine castings. It is also stated that spcial qualities of 
iron can hei obtained with moie certainty from the calebasse tliaii 
from a cupola.' Another advantage is that three or four meltings 
per day can be obtained from the same apparatus. 

* Where fine castings are required, good coke, first-class pig, and 
best scrap iron only must be used ; but, in many instances, where 
^ 'the quality of the metal is only of secondary importance, ra\v coai, 
as being cheaper than coke, and inferior scrap may be employed, 
/rhe coal should he as free from sulphur as possible, bard, and not 
inclined to cake. 
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'Fhe great advantage of this description of furnace is that^l^fty be 
easily applied to a variety of different uses, with slight modideatioiis 
in constniction. 

The reverbaj|(tory furnace was at one time largely used for the 
fusion of cast iron for foundry purposes, although it has, to a great 
extent, been superseded by the cupola. 

As an oxidising furnace it is employed in the puddling of iron, 
and for producing litharge from lead. As a deoxidising furilace 
it is employed in the production of lead and copper. It is also 
iie(iiieutly used for cafeining substances which afterwards have to 
be pulverised, such as flints, &c. 

Although the cupola has of late years almost entirely superseded 
reverberatory furnaces, there are several points in favour of the 
latter which must not lost , sight of. The cupola is un¬ 
doubtedly the cheaper and nuore generally convenient form of 
furnace, but where it is wished to turn out speciaUy good work, 
and to obtain a perfectly fluid and uniform metal, the reverberatory 
furnace is preferable. ^ 

The deoxidating flame bit the reverberatory furnace is supposed 


to improve the iron, ty addmg somewhat to the amount of 
combined carbq||||&nrtm whereas the cupola, ae usually worked, 
with an excessis aii 03fidising fomaoe. ; ^ . 

It is a genei^y admitted fact taking; tb^ Uamei^xiality of 
iron, castings from the vreverhemtojf^, Me ;8U|)^^ from 

the cupola. ; ' ^ .',V"X', 


For the general charac^ luiu it is to be 

regretted that the retmrhe^to^ f^^ of iron is 

fast disappearing. " .‘'7, . 

In two oM advantages 
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over to melt a 

giveil -1_ :i . 


^QUl change iii iit) 


^,^j'a?03ifmq(re a; 


;^^'s^nd place, if 




I, time the metal is 


!; in the reverhei^tc^ljij^ir^ sU^tly oxidising 

flame,‘ \^’’f'"V. 

Thi^ .JatteT acti^ is seldoi^ of liay'^racli^al for pig iron 

thatoQ^te^ much. stAj^ut^ very htdifiTerent castings, and 
the dii^phiiraticii is So iinp^fect' and unreliable, that it is usually 
far eloper apd more certmn in working to obtain a good pig iron 

at the outset'.-;, ’-V'i;''-''' 

The following are generaUy the cireumstan^; under which it 
may be considered advisable to use the reverhelStory furnace in 
preference to the cupola^ 

When there are no means for obtaining siiflicient blast for a 
cupola; , ‘ 

When it is nec^sary to melt down such large masses of metal 
as cannot be managed in the cupola; 

When it is requite to bring a given pig iron, by deoxidation, 
to its highest point of tensile resistance, as for gun founding ; 

When it is necessary to erect a foundry under circumstances 
' where a cupola, with bla^ could n 6 t 1 ^, built or worked ; as, for 
example, in " a , lonely colony, a besieg^ town, or such other 
exceptional conditions, ; 

Under most ether dreumst^^^ the’cupola is to he preferred, 
as the reverbe^td^ nor fuel, except 

-from day to day on a 


where the oj 
very large scale, ah 

The principal diusider^oi^t 


[uel is cheap. 

of an air- 


fijinaee,, isi|ie---^)^the wdgHi'ifflEidJ^ to bo 

’,-.^1^ ( 2 ) Pu.h a 

.; huai^yjbf ,m^ ; ,and of air 


of ^e ^'iCfl 


qf fuel. 

). furnace, and tlie 

■*■*■; -,'-r37'»'’T;;77T>-".'T'^■"'T'.-'T'TTt JcpendS UpOU tho 
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the quantity of metal , ^nality of the foel to be 

employed, and tlie speed ftt Wliicb to work. 

3. The regulations for tlie «ir, require considerable 

attention. The supply miti^ iuMcient in quantity to 

consume the required amount of. naust How through the 

fuel onwards to the chimn^ Hu<| ic^tuin ^ 

Yidocity must be well within cohirot, as upon it principally depends 
tho “ reverberatory action of'the furnace. 

It is obvious that if the air entered the fumaco in a 8lo]|y, quiet 
current it would pursue the even tenor of its way, without ,i 5 ^nmg 
into violent contact with either the poof or the bed of the furnace; 
this would greatly hinder the fusion, of .the metal. , ; 

Assuming (what is probably correct) %at the hottest part of the 
current is the central stratum of the air and flame, theeuWe of the 
rouf and the position of the bridge at the back of the grate must 
1)0 such that, with a known velocity of air, the flame will impinge 
against the roof in such a manner as to l)e directly deflected upon 
tho metal on the bed of the furnace. If tho velocity of the air be. 
loo grctit for the shape of the fumacej it will probably be. deflected 
earlier in its process than is required. 

Eigs. 54 and 55 are somewhat exaggerated diagrams of the 
evils to be expected either from too slow a current, as in Fig. 55, or 
from too rapid a current, as in Fig. 54. 

From these sketches it will he seen that the proper direction of 
the heat depends very much upon the velocity of the current of the 
air through the furnace. 

If too large a supply of i^/is admitted, either fuel will be 
wasted, or (what amounts to., the same thing) the furnace .and its 
contents will be cooled. ’ 


Cold air ngidly kept out of the furnace, and any 

cracks or flssurefl^ich might admit cold air mnst J^ carefully 
stopped up. ’ ■ ; ■' ., , 

Flaming fuel, such-^ hituml^^ ^dpted for the 

air-furnace, except whfeh 

system. _ . 

Upon the nature of Ihe suo^ss of 


iho reverberatory furnace i/l good tjgiiB flamei driven 


through the fuiHace' by.,, ,a'. 
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tion, and to the proper region of the furnace, will give excellent 
results. 

Where solid fnel is employ^ that whidh gives off plenty of 
Coinbnsi^ble gas is preferable. 

;; Wood is not a good fuel, but if it is to be employed the furnace 
must have a long flame-bed, and be Ibw in the arch. Tolerably 
hard, long-flaming bituminous coal, which doM not cake in the 
furnace, is the best kind of fucL. 

Hard coal or coke may be used, but are not so good as bitumi¬ 
nous co^ The disqualification arises partly from their incom¬ 
bustible nature, but chiefly on account of the mass of fine ashes 



szptif , 


^ - i: ‘ 

which is carried over from the fireplace to the hearth, covering the 
melted iron and preventing its absorption p|j|||st. This evil is 
more apparent in the use of anthracite tha^cif coke. Wood, 
pofticularly green wood, is not at, aU qualified for use in th(5 
reverberatory; if no mineral coal can be obi^ed, charcoal is to 
be substituted for it. ,.V ' 

.^ost other;kinds of fuel are <>^g^bnable,„aareqmrmg constant 
attehtwi oh'fibe part of the fum*^"mani mther to feed the fire, to 
remove idinkers, or to break lip the fue^ all operations requiring 
the furnai»;^- he opened^nd;tbus alloirini i|#j6utrance of cold 
air, which Is mcst obiect MBb le.-'^- "■!! 
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To meet this difficulty, many plans of self-feeding hoppers, dc., 
have been advocated, but the difficulty still- appears to be to pro¬ 
perly regulate the dre, so, as to consume the fael'1v:ith the best 
result in time and labour, without allowing the ingress of cold air 
Avhilst such arrangements are being made, beanug in mind the 
fact that the operations inside the furnace require continual super¬ 
vision, as they are continually varying in their nature and effiacts. 

It is important that the furnace should be connected with a 
chimney which will give a powerful draught, to which end it 
should be lofty, and about equal in area to the grate 8m*faoe of the 
lurnacG it draws from. 

The arrangement of the grate and fire-bars is governed to a 
great extent by the nature of the fuel to be . employed. Assuming 
iliat 25 lbs. of coal wil| be burnt per hour for every square foot of 
grate surface, ample space must be left between the fire-bars to 
a low of the passage of sufficient air to support such a combustion, 
naiiiely, about 230 cubic feet of air for each pound of coal burnt in 
the furnace, i.e. fully 60 per cent, more than the theoretical volume 
required as stated in pages 75 and 155. 

Turf and peat are occasionally useful for heating drying stoves, 
drying ladles, &c., or for the production of steam power, but for 
most other purposes they are almost worthless. 

Turf gas has been employed in Germany for reverberatories, 
but where gas from any better fuel is at all obtainable this will 
never be used. 

Pit coal is not only the best solid fuel to be used in the 
reverberatory, but also gives ofl* the best gases, should it be 
intended to heat the reverberatory with gas from a gas-producer. 
In the latter case, when the furnace becomes a magnified gas 
blowpipe, it is necessary that-the air and gas fed into the furnace 
should ho at a high temperature. Henpe the impottance of the 
Siemens regenerative furnaces, which provide the necessary heat 
for gas and air; or the-air alone may be healed before admission 
into the combustion chapEiher, by being pas^' through heating 
stoves, or pipes. , .. 

In the constructm of th^ luisiiEuses |ho m 
materials should be empbyed, and skll parts which are exposed 
to great heat q&q ^^ 0^14 be ti0:en lu; select fire>bricks and clay 
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whose ai:e sw as not to hate an injarions chomioil 

action zf^tal to he melted* The great strains brought 

njwn is. worked nib. snfeh a high temperaturo 

dEtie ili the selection ^ nikt^iak employed, and skill 
in ^effign. and construction.' If the fomace should fail, it will 
^rohaUy do so at the time when it is at its greatest heat, with a 
quantity of molten mett^ and horning fuel, which would he 
scattered around, killing the workmen and, probably destroying 
the foundry. 

The furnace should *^5^reSere he cased with strong iron platt\s 
and tie-rods, and this ca^g‘opye^ag all the brickwork of the 
iurnace, all ingress for air ie stopped. 

The construction of an air furnace suitable for the fusion of 
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cast iron, copjSreii, ht’onsei^or brass, when it is desired to economise 
the waste heat pacing from a.'ctilpola» is shown in Fig. r>G, in 
which / is the entrance for fiie ,air heated by contact with lh<' 
flame, &c., from the of'Cuppki si lotion of which is directed 
80 that it passes through th^ .lu^'TJhe Opn^laned flames and 
products of combustion so that they 

ithpmge upon the crown of the, ’luli^),|rdm^,w they are again 

deflect^, as indit^M by thedoiM itdxf^.dpwn upon the metal 
lying on; the Sok'at the point-desired'to obtain the 

is tlm ® 

’ 11_j'» * ' ''».liv t .■ s 1 . » 


13 usual 
the |!n6l(^ .<d^ii|iiey; 


the fluid 








BEYEBBERATQBT OB mb furnace. 


l^D 


tip with a fire-clay 
to the hoarth a; M D 


rnelal is run away,M 
l)lug; F D, the door foTv^S 

t lio metal-charging door'^^11 sight^holes iiifi al^'necessary for 
examining the progre® ^ melfeg; ^i^QUt ^mMng Cold air to’ 
enter; a damper afib fob rCgulatmgto dbahgnijhij^ placed 
to escape the greater h^ts 6f the fnnlECe. . ‘ ■ / . 

Where the air neqessary’to support conibus|^oh mil be fcectly 
supplied from the atijaosphe^ it must he pafe^i thr^ 
linl so as not td come indict contact with the furnace - 

or of the metal to he meltedy? ' ‘ ,, 

Tho principle of the revOTberatoiy furnace is so to deflect, or 
(liiect, the currents of flame and heated air that they may exCrt 
their most intense power updh the metal lying on the bed of the 
furnace, in which respect the air-fumacC somewhat resembles the 
uc.lion of the blowpipe, with which the greatest concentration of 
lu'iit on a certain body can be effected in the least time. 

'I’Le fire-bars should be of good wrought iron, although hard 
white cast-iron bars ^ frequently used. ,The area of tlie vertical 
eri'ss-sectic^of the fenace over the bridge must be considerably 
less lhan t* area of the air-passage of the gi-atC. - 

Fig. 57 shows the longitudinal and horizontal sections, giving 
also the principal dimensions of a reverberatory or air furnace, used 
lor collecting molten cast iron in large quantities up to 35 tons, and 
maintaining it sufficiently hot by burning fuel in the grate shown, 
ilio molten metal being previously melted in s cupola, and run off 
into Ihe air furnace at intervals along a suitably protected metal 
(•oiulactor or runner. As already stated, this furnaCo was only put 
ill operation for collecting metal in the ease of specially large 
caslings, only a small proportion of pig iK)n> yiz. being 

cliarged direct, these pigs being placed ^^jbhsHgblst pdipVof the 
Ited, so as to be acted upon by^^ flamb tlib^bridga 

TIkj licarth, it will be;^n, Ap^^ddm:;g^^ form a 

basin for the' accumulation pf niolteii naetot - That ^e charge of 


IS neitossa^, so as 


jng iron should be placed w -- 

to insure as far as possible‘'1W^tbe 'pi^'^i^jhs^ pprtlbn of the 
charge still solid, shall , he above'|! jS ldv44f,|iS pdt,^P^^^ 
metal, and thus be stUi.exposed ;to; the by 

which it is ^' It is true 
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that a portioa the ehaisge at the.eadi trould be melted by beiii/;]: 
submerged ilk tlie- metel’Wready nm but' the effect of tliis 
latter process ^ould be at the erpeuse' i(i|ithe heat from the molten 
00(^1, nrhieh is dulled or cooled accordingly* , It should also be 
observed i^at; by reason of the low condt^ctiyi^ of molten metal, 
only A' small percentage of the heat of the flame or gases passing 
over the, surface of the molten metal would he conducted down, so 
that to melt down solid pig iron or.'pcrap when submerged would 
be a very sjow-di^ expensive process*/ It will bp seen, then, that 
to melt, pig iron Wholly or partly from the solid condition in an air 
furnace, it should be reduced to a suitably liquid form first, by 
reason of which it runs down and fills the basin formed to receive 
it. This can only hOvCOTried out by charging the pigs and sera]) 
at the highest point, and this fixes the position of charging door 
0 D as shown. The bed or hearth at the charging door, it will be 
seen, is less inclined, in order that the charge may not slide down 
until it has reached the molten condition. The opening F, wbieh 
leads the gases to the main flue or chimn^ is of course higher 
than the slag runner 8 B, which latter curr(^onds tc^ie highest , 
posable level of molten metal, just as in the ordinary ciipok. The 
metal runner M B is also similar in every respect to that in the 
ordinary cupola. The brickwork should be surrounded with metal 
jilates M P, as in a cupola, but the air furnace having flat sides, 
it is necessary to have these additionally supported by means of 
binders B and tie-rods T B indicated. 


A damper on the top of the stack is useful to regulate the 
draught. The furnace should be very thick in the walls, so as to 
be as bad a conductor of heat as passible. Too much attention 


cannot he paid to the jOinjn m the brickwork ; and openings which 
might admit air aye to be ^i^lly stopped up, or the iron is liable 
to a lo® of carbpn^ and; v^lll 'make, hi'consequence, hard and britth; 
castings. ^ /y ^ 

Buch impurities as adhere. tp‘ tb« TO which will not 

mdt remain at the top of the bi^j^, arid may he removed after 
Thus the melted hrbn iis'|fdtified to a large extent. I'he 
hi^t ;of|^ ^mace is general^ ^e^tejst, flue, and the 

melted 'lSy is therefore exposed to Jthe /#i^gest of tlio 
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When a cast is to. be niade^at a certain ‘time, the rererberatory 
is lieated for some hotiys previoij^y .by a brisk fire. When the 
furnace is white-hot the charging do6r is opened, and the pig irmi; 
is placed in its proper position on the sole, due care being taken 
in stacking the metal'as \rill be described, the m^t ^ily fusible 
p-utioiis being first charged and put at the botfom ^ the heap. 
T] le wimle quantity of iron which it is de8ir^ .1lii:i melt at one heat 
mu^|be charged at the same time, as it is hot ccmside^ advisable 
to add cold iron to that which is already melted. Ail 1^’iron con- 
iaiiu d in a liquid form m the basin is to be tapped before any fresh 
])ig cun bo charged. When all the iron contained in the furnace, 
is me!led, the tap-hole is opened with a sharp crowbar, and the 
]i()uid iron is either led into pots or directly into the mould. The 
t}ii)-holo is stopped with damp sand, or a mixture of loam and coal- 
dust. 'I'he fire-grate must also be well attended to, and kept well 
filled with coal, but not too high, so as impair the draught of 
air through the fuel. The grate should lm‘kept free from clinkers, 
and Ihe forniation of holes where unburnt air could enter the 
furnace must be prevented. 

Tile charging door is generally a fire block hung in an iron 
frame, which is raised and lowered by a lever, having a balance 
weight. The metal to be melted should be broken to a uniform 
size as far as possible, and on placing it in the furnace, the smallest 
]>ie(;es should be piled lowest, the larger ones on the top, as the' 
heat of the flame is there more intense (which is what is required 
lor the larger lumps of metal); and a similar plan must be adopted 
Avith regard to tho melting of various qualities of metal, the most 
easily fusible being ple^d lowest in the foruaoe. Fuel shoutd he 
i('d in i'reqiiently, and it must be done quickly.'; 


When sufficient molten metal has aOcum^let^ in the pool of 
the furnace, it is tapped off, 'I'he chimney damper is first dosed; 
the metal is then run into a ladle nr is, run pjbte^ron shoots 
covered with loam, to the mould, being iifkj by the dam- 
plite, and by men, as it,ficfm alnfig, or in^fe a pod of the 

furnace, the slag-'being into the 

moulds. ' ~ "'V' 

Tho furnace is then c^r^ imy repairs 

executed bitoe It is again char^;i .r^airs have been 
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coDBideraH^ U; be Decessax^ tp. make the furnace whiic-'liot 
before again obirgmg it for nse. 

■<l Tbe' rdTarberatory furnace is not biSdy nsed for melting iron, 
%it is ako ^ployed for the melting of large (quantities of bras.s. 
bronze, tin, lead, and other alloys aiid metaM.^^ Large bells, stntnos. 
machine framesj and amilar objects, aie cast from the reverberatory 
furnace. All metals, except very grey fumble iron (which may be 
oast from a, ^t) are to be run in dry sand ditches, directlm^roin 
the furnao#ihto the mould. 

Fig. 58 shows longitudinal, transverse and horizontal sections 
of a reverberatory or air furnace capable pf melting and collecting 
np to 12 tons of gun-metal, the general construction and other 
particulars of which are the same as described in the previous 
example of an air furnace used for cast or pig iron. 

Before proceeding to charge such a furnace with copper, Ac., 
it is first raised to its^ormal working heat. This takes about 
2^ hours from the tilde the fire was lit up, and consumes about 
10 cwt. of band-picked splint coal during tbe time stated. The 
furnace being now ready for melting, the metal is added as fol¬ 
lows through the charging door, 0 D— 

f 

First charge of copper, &o . 40 cwt 

Second „ 85 „ 

Third „ 35 „ 

and so on until the required quantity of molten metal is obtained 
An interval averaging about hours between each cliarge indi¬ 
cates also the rate at which the furnace illustrated is capable of 
melting; so that to reduce the maximum capacity of 12 tons will 
take fully 10 hourSj for which purpose 4^ tons of hand-picked splint 
coal is consumed, in addition to that used for heating up bcl’oro 
commencing to charge. The consumption of fuel, therefore, is 
approximately cwt. per ton of copper melted, not including that 
used for heating np the furnace. With the latter quantity in¬ 
cluded, t^e average consumption of fuel is approximately cwt. 
^r foil bronze or copper composition melted, taking a whole 

■ ;l.\ W}^'0O oompoBition of meial ^esired requires the addition of 
6ther< idi^ ’fo the copper, such ais spelter or zinc, &c., the 
latter inotals are added; to the i^vibu^y melt^ throngl. 
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t.lio npoiiing S after wlijch the whole of mollen met.il 
is stirred up by meatis of a bent bar inserted, through idie same 
]iole S Lt. This is necessary ^o ensuie a uni&wm composition of 
the metal throu;;hout the oasMiags pr<^uoed. '■ ■ - 

111 the brass foundry where tlie foregoing furnace is at work 
it is a common thing to produce phosphor bronse castings up to 
‘20 tons weight, in. which case an additional air furnace is ifCijuired 
lor melting the metal. It will be seen, therefore, that to be tho¬ 
roughly cipiipped for heayy work, more than one air furnace is 
retpiiied. For eonvenience, however, it is usual to'hal^e one smaller 
ihiiii the other, either of which alone may often be sufficient, 
according to the req[nirement8. 

W’hen an air furnace melting gun-metal or other compositions 
of c(»ppor is tapped at M K, it is usual to run off all the metal 
melted until the slag begins to come, then it is jj^me to open the 
slag-hole, usually placed at the opposite side from the tapping-hole, 
so that it may be conveniently exposed in the yard. The tapping- 
liolo ill a brass furnace is much larger than that Ibr cast iron, owing 
lo the difference in liquidity, which makes the copper epmposi- 
tioiis run more slowly, and fequires greater freedom,^ I’he larger 
tap 2 )iug-hole is therefore more difficult to stop up. This, however, 
is seldom attempted, as in cupola practice, where the furnace is 
tapped and plugged up again and again, even for comparatively 
suiall quantities of molten iron. 

Ill order to avoid excessive waste of metal by oxidisation, it is 
ite#9Sfiry to keep both furnace and charging doors shut and fitting 
clo.sely. "When this is properly done, and the fire is in suitable 
condition, the flame passing over the fire-bridge, as seen through a 
small hole in the charging door, will appear smoky, which indi- 
i'iites that the gases contain a very small proportion of free oxygen. 
Under these conditions, however, it is difficult to observe how the 


melting process is progressing^ To clear up the interior for a 
])rc>j)er inspection, all that is.roquilteii is, tp open furnace door 
slightly for the admission qfiilridibve the fuel, the dxygen of which 
combines with the otherwiifi|||||P^nsumed paitides (which caused 
the smoky appearance), wi;^ desired result, so that it is now 
clear to observe and decidef;^, wheu tO add the additional charge. 
Uuring the insp^tion and cb^jlng Operations the excess of cold 

"'V' . N 2 
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air passijig ftifitai d^decl cooling effect, and 

at tho 1^0^ Ijy. oxidation, and must 

4hercf«3i:S''lje'in the possible. 

■ tli® pi:o<^i^ melting gqn-metal or 

other; compounds of oopj>^ in m air, fu*rnae^ is derived in much 
the same . manQ^'< ^ that des^bad uv relation to slag formation 
in a cupola inel%g pig iron ; "the silicon being in this case 
derived chieflj liom the brich lining of the air furnace, the acid 
properties of virhioh cause it combine readily with the oxide-s 
of copper, fan; '^Iwh may be present, thus fortning 

a fusible slag. It js, aU the natore desirable to avoid oxidation, 
owing to tbe strOfig. tendency of molten copper to absorb oxide of 
copper, the effect of which is to make the metal brittle and cold¬ 
short. 



Mg. 59 shows ^‘he section of an air fnmace in which the roq^is 
((0 constructed as to the heat on the bed of the furnace in 

two places; by \?hi!ch arrnng^ent a larger area of metal is acttid 
upon, and heat iS eoonoulised. , 

Tn cases of furnaces luting Igonze, it is sometimes necc,s- 
saiy to build them,wi%|t0^go;.^aTging d<>ors» to permit of the 
int^uction of heavy mas^ " 

•' Fig. (iO shove the horij5ontilS?| 
furnt^ thus twanged, which;^ 
adop^d. &r the fusion of cast ^ 
ihjor at.ihe n^ the chimney^ J 


^yertical sections of a brass 

. L- ^ * 

on could, however, be 
is a. large charging 


do<^ is for tapping. 
Furnac^ Iot; ;meltingt l^ohsU' ,,liays ratbrnr shorter 
ne4)ed' than. is. used for melMui!k.isSMlxirdiL~ ‘ . 



EEVSBBSBATOBT FUBKACES. 
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Bessemer’s pate^ cGnt^n sevml sag^tions wMoh seem 
admirably adapted for fojfmmg ;j. fresb jpoijit of departure for 
Hwioutific furnaoe buildia^;. ,The original , fi^ificatiou is 
most coraproliensive in its claims^ but 

indicated as the construction of ^xna^ for fusing dificnltly 
fusible varieties of iron and steel, with,« shell of riveted boiler 
plate or cast iron, lined -with plumbago, dre^brick, or ganutster, in 
which, by supplying air through tuyeres at a very high pressure— 
from 2 to 0 lbs. in excess of that it is intended lb in the 




Flcu €0^ • 


furnace, while the products of combusi^>)dSa o^y esdsi^ through 
cGiitracted openings, of which the area'd^^be reduced or enlarged 
at will by the insertion of f^ppers^tho dodi^buiikHi products are 
kept from expanding freely?, She tojl^/ifi^tained in 

tlic furnace is always to X % of the 

attuos})here, and may com- 

busti9n in farnace8,.pf^b^^, »s wellg 

as soiid fuel, under high construction 

proper for each 'the Construe* 
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tion of isuppla, reverberatory, and other descriptions of furnaces, 
suitable for tb© application of “ high-pressure combustion, anj 
some of the points embraced in the <ii|>6cification. The design of 
feediit^*doors, so arranged that the fuel and metal may be int)'o- 
duced without permitting the escape of the heated gases, and tlio 
application of water-cooling to the escape orifice, are instancies of 
practical difficulties ingeniously overcome. In subsequent paten i,s 
it is proposed to employ cupola and reverberatory iurnact's hut 
slightly diffejing'frotn the Ordinary construction, except that they 
are enclosed in strong iron chambers. This ^external or working 
chamber is supplied with air at a great pressure, and the furnaco 
draws its supply of air firpm the reservoir; the pressure is main¬ 
tained in the combustion space by contracting the furnace month. 

Another proposed application ot the high-pressure systorn is to 
the Bessemer converter. Bessemer has, of course, special claims 
to he heard when he proposes any modification of the process with 
which his name is identified, but the advantages of tliis application 
are perhaps hardly so considerable as he estimates them tp be. T t 
is, well known that certain varieties of hematite and Svrodish j)ig 
are, from a deficiency in carbon or silicon, the cause of great trouble 
in the converter, owing to their not blowing hot enough, with the 
trault of leaving “skulls” of solidified steel in the converter—a 
h^hly objectionable result^ as need hardly be said. In order to 
increase the heat of the blow in these cases, and to enable st('ol 
and other scrap to be melted down in the converter, and also to 
facilitate the decarburation of iron by means of nitrates—a process 
in whi(!b it is difficult to maintain the melted miital at a sufficiently 
, * high temperature—the inv^tor of the pneumatic process now 
proposes to'^nduct the .^srl^le operation under pressure. 'J'o eficct 
this he either makes the.^ctoth of the coilverter of very contracied 
dimensions, or provides it with a movable conical stopper by which 
the dimensions of the orifice^may be regulated at pleasure. Tlie 
body of the converter is made of extnt'strength, and the blast su])- 

ry eonsideral^^ip excess of that ordinarily 
that the .ga^^|l9^y be'retained at a pressure 
sf that of tl^ at^sphere. By this jpoeans 
temp^tp^^ the. xpetal^in the converter 


plied at a pr^sure ve] 
used in the pre^ss, so 
|icousi(Jer^Wi|a 4^oess < 
he the 
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In orcl|^;^^,|llnstrate the mode in ’which it is proposed to 
ry 'into effeef, sections of the farnaces are giv(‘n in 


Fig> 61 shows ajongitudinal nnd cross vertical 
reverberatory fnrnace. To facilitate re-lining, 
tn may be remove<l from the rest on a truck, 
completed it is replaced, and fixed in 
posi^on by bolting togsther the flanges e, h. The cover of 
she ^ai^g^’^ple ajfiSt kept in position by air or steam pressure on 
a |«st(m, mi^&e cylinder actuating the lever y. / 



Fio. 62 . 


The metai is olmrged mto the furnace through strong circular 
side doors m. 

Fig. 62 represent® ijjl^h-'pressure crucible furnace built of 
riveted plate^- with a b^^^ry lining. Four openings J, in llie 
dome, allow of introduction of twelve cmdbles and the required 
faei^ charge. .^||tese openings ore closed by an iron plate fitting 
4 conical „^t, on which it .'can be screwed down by the bar 
fire-clay stopper serye® to protect the iron cover 
heat of the fumapd\. The combustion products 
escs^;i^?t|hff&tracted oyifipe Qiand ^ WastSs^admitted through 





OnnOlBLE rUBNAOE TVITH Ad UHDEB niGH PRESSURE. iSf) 

It is somewhat remarkable that no attempt has been made 
oil the large scale to put the idea of Hgh-pressnre farnaces to a 
practical test, especially as the prestige of their inventor might 
naturally be expected to predispose practical, men in their faronr. 
l‘'xperience alone can prove if the economical advantages to he 
derived from intensity of temperatnre in certain metallurgical 
o])i‘rations will outweigh the additional cost pf the .plant and blast 
]Miwor by which the intensity of temperature is sought to be ob¬ 
tained on the high-pressure system. It is stated, however, thaf 
in a very small furnace bnm^g;. coke, with an^^yerage internal 
pressure of 15 to 16 lbs. ovm: that of the atmd^here, 8 ewt. of 
wrought iron (engineers* scrap) put in cold, was fu^ into a liquid 
bath in less than fifteen minutes. As a somewhat comparable 
result may be instanced the fact that it takes twelve ^nutea* 
immersion in the bath of pig, after ten minutes’ exposur^mi the 
hank in a Siemens furnace, to melt a somewhat larger quantity of 
S-inch cubes of wrought iron. How sensibly immersion in melted 
cast iron accelerates the fusion of wrought iron is well known. In 
another instance a 12-iach length of 2-mch square bar iron was 
reduced to perfect fluidity in five minutes. 
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CHAPTEB m 

MAXIMUM TBMI»|aATUBES, MEASU||E8 OF HEAT, THERMOMETERS 

AND PYB^S^ETEBS. 

In nearly all the processes connected with metals and their alloys, 
consiiant reference is made to the temperatures at which certain 
opera^iiDS have to be performea, ft will therefore be interesting 
to observe in detail some of the conditions which limit the degree 
of temperature attainable by combustion of fuel (carbon) in the 
manner detailed in examples 1 to 5, page 73. 

During the process of combustion the resultant gaseous pro¬ 
ducts in passing off carry with them the total heat, whicli is sub- 
8e([uently distributed throughout t|ie various adjacent substances 
by conduction and radiation, until the said products reach the 

* ail temperature of the surrounding atmosphere. If the tohil 
developed is entirely absorbed in the first place by the pro¬ 
ducts of combustion, then the theoretical maximum temperature 
which it is possible to obtain from any particular form of fuel will 
depend on the Weight and specific heat of their respective products. 

The temperatures obtainable having an important bearing on 
the choice of a fuel, the following calculations will be found both 
useful and instructive:— 

1. Kequired the maximum theoretical temperature by the 
complete combustion of carbon in oxygen to form carbonic acid 
(COa). Id such calculations it is necessary to deal with some 
fixed weight of fuel, om pound weight being adopted here, in 
order to .make use of the various other figures nnd tables given. 
In th^ previous examyde it is stated that the product of complete 
comhustidh is carbonic acid (CO 2 ) weighing 3*6(f Ibsi, i.a carbon 
1 lb., and oxygen 2 66 Ib|^^;pThe amount of h<^t absorbed hy 
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these products (CDg) for each degree Fahr. rise in temperature, 
is obtained as follows 

inKiiicii. 

Cnrl«n + Oxygen Carbonic acid (COg) X heat 

(lib. +2C«lb8,)=: S-eelba. X ‘2164 =s‘792 B.T.U'8, 

The total heat of eombnstion, as already stated sst 14,500 
llT.U’s. Therefore the total rise in the temperature of these 
])roilucts, before they can have absorbed the total heat, is ascCTtmned 
as follows:— 


Total heat due to combustion of 1 lb. Carbon to 00^ 

'I'otal lieafrequired tulaise thelSnperature^f tbe^ioddeta COg Fabr. 

B.T.U’fi. 

” *792 B":t'.U’s. ’ , . 


Deg. F&br. 


That is, total rise in temperature is.. IS,308 

Adding the initial temperature, say. 02 


Therefort) the maximum temperature ohtainable is .. .. 18,370 


‘J. liequired the maximiirii theoretical temperature by the 
coiuplote combustion of carbon with air. In this example the 
])rot!ncts contain free nitrogen in addition to carbonic acid, and 
llierefore represents more nearly what takes place in ordinary 
liuictice. And the heat equation will now be as follows:— 

Sp'ctllo Tlionnal 

lYoducbt. ficat. Units. 

Carhouic acid (COg) 3*06 X -2104 = 

Nitrogen (N) 8-94 x *2440 = 


Total products 12*0.) (COg + N) = 2-97:4 


Carbon = 1*00 lb. 
Oxjgon = 2-00 „ 
Nitiogcn = 8‘94 „ 


As in the previous example, the total heat developed is 14,500 
li.T.U’s.; but in this example the increased volume and weight 
of products (due to the presence of nitrogen from the air) require 
2 97o B.lMJ’s. to raise their temperature cne degree Fahr. 

The maximum temperature obtainable is therefore much less, 
and is derived as follows:— 


'rotabheat of combustiou of Carbon to GO, In air 
Ti.tul heat r^uired to miBe the toinpemture of piuductaT® Falur. 


14,500 B.T.U*8. 

“ Y-WKTDV* 

That is, the total rise in temperature ia .. .. ,• •• 

Add init'iil tompemture of uir, say^.. ^ 

** ^ V ( 

Therefore the luaximuiu tcmpo|e4)xni!||PiHab]t'. is .. 


Pog. F»hr, 

„ 4877 
62 

.. 40.39 
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8. the maxuimm theoretii^ temperature when 

ccffbcm is putwUy oosstuned m mr tip letm ^sar^nie oxide (GO). 
The heat ei^Ttation is as foUows 


Curban s 1*00 Ib. 
Oxygen as 1*83 „ 
Nitrogen as 4*47 „ 


Weigbt Bwetflo Thom- 

PndQotB. ,, , Inllw. Hest Unit . 

( Carbonic oxide (00^;. a*38 X *2479 = *6770 
Nitrogen (N) a*47.X*244 = l*090t> 

Total produote. 6lo(CO+N) = 1'6(;82 


Therefore total ruS in i^peratore as 


total heat of combaation to CO 
1*0682 


_4409_B.T.U’^ 

® 1*6^2 KT.iiJ’B.* 

Deg. Fahr. 

That ie, total rise in temperatnre is .2(;43 

Add normal temperature, bay .. ... .. .. 

Therefore tho tnaximnni temperature is. 2705 

4. Bequired the maximum temperature when carbonit* oxide 
(00) free from nitrogen is burnt in air to form carbonic acid 

(CO,). 


Hest EooAnoK. 


Weight spedfle Tlicrmn] 
Products. In lbs. Heat. L'min 

^ Carbonic acid (COg) 8*66 x *2^54 = Tf i 
Nitrogen (N) .. 4*47 X *2440 =l u«joi; 


Ca^nio rOarbon ts 1*00 lb.' 
ddde \Oxyg6n ss 1 *83 „ 

Air for rOxygen ssl*33 „ *1 

oombuBtioniNitrogen = 4*47, „ i Total products .. 8*13 (COj+N) =1*8S2<; 

».. . .... Total heat (Example 2, page 78) 

Therefore mazmram rise in temperatnre ss-^T^8826- 

10,091 B.T.U’8. 

Deg. Fahr. 

That is, moximntn lise in temperature is •• •« •« 5360 
"Add normal temperature, siiF .. «« 


Therefixe maximum temperature is 


' \ 


•f i' •• 


5422 


5..]l^6quired the maximum temperature when cathonic oxide 
(dO) ^ burnt In mr to fonn carbonip acid (OO j) and nitrogen. 
The cariionic oxide in this exanmle d^v^ V in an ordinary 
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pjns producer with air blast, it therefore contains in addition an 
{inumiit of fiipe nitipgen, by. reason of which tlie weight or volume 
of tlie products is' eorrespondir^Jy increased, so ^it the heat 
equation is now as follows' 


I’nidiicOT Combining 
<1)18. KbrnirntB. 


r i *( 

Pradncts.' 


.Weight 

Inlbe. 


Ciirl)onic I Carbon =r001b. ^ 
and I Oxygen = r83 „ 
nitiogcn I Nitrogen = 4 47 „ 

Air for fOxygen =s 1-S3 „ 
coiubiislionlNitrogen = 4*47 „ ) 

Theivfiire the roaxiiiiufa rise !n temperature 


Specifle 

Heat. 


Thermal 

Units. 


Oirbonic acid (CO,) 8*60 x *2164 = *792 
Nitrogen (N) .. , 8’94 X *2440 = 2*181 


Total producta .. 12*60 (00,4*N) = 2*973 


_ Total beat, aa before (Fwwnple 2, page 73) _ 10,091 B.T.U’a. 

~ He at carried off by producto for eaeh degree rise “ 2 *&73 Il.T.U'8."* 

Deg. K«hr. 

That ia, the maximum ri»e in temperature ia .3394 

Add normal tempmturu, say 62 

Therefore the maximum temperature ia.. 3456 


6. Ih^quired the maximum temperature when carbonic oxide 
(()’0) free Irom nitrogen is burnt in pure oxygen to form COj, 
so that there will be no nitrogen in the pruducts of combustion. 

Hkat Equation. 


Carbonic iCarbon s 1 * 00 lb. 
oxide tCxypeii ss 1*33 „ 


Wpight Sperlite Thermal 
PrcidnctB. in lbs Heat. Units. 

Carbonic uoid (CO,) 8*66 x *2164 = *792 


Therefore tbe maximum rise in temperature 

Total heat, as before (Example 2, page 73) __ 10,091 

~ Ilont cari'ied off by the products for each degree rise “ 


That is, the maximuti^ rise in temperature is ' 
Add the normal temperature, say 




792 

Ueg. Fahr. 
12,741 

Therefore tbe maximum theoietical temperataie|^f^''.12,803 

7. Required the maximum tjpmpei^txir^ W is burnt 
completely to form carbonic acid (OQg) witi 'l^lirovibusly heated, 
BO it constiftites hqt bla^ laised in teihii^tare 1000'^ Fahr. 
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ir6 lbs. of air are required per pound of carbon (see pngc 7.3), 
and specific heat of air = *2379 (see page . § 


• r Specific KIwin 

Lbc. neat. 'J’emp. 

': So Oiat tfie total beat added to the airi s? il‘6 x '2379 x 1000'’FnI-r. 
' previoua to combustion .. ) = 2759 B.T.tI*s. 

The total heat to be distributed or spent„ ,,, 
iQ raising the temperature of tlie pro- [ J oL, « t i^' 

ducts of aimbustion is now.1 

As in the second, of tiiese examples, the^ 
heat carried off by the products of com¬ 
bustion for each degree Fahr. rise in 
temperature ., 


= 2*978 B.T.U’a 


17 259 T’.T IT’h. 

Therefore the maximum rise in temperature « 13 t ' 


Tliat is, the ipaximum rise in temperature is 
Add the normal temperature, say. 




Kttlw. 

5SO.’) 

02 


Therefore the maximum temperature is .. .. ...5S(;7 


Abstbact of the Fobegoiko Calcvlations for Theoretical 


Maximcm TeMFEKA'JX'RKS. 

Max. 'renip 
!•«(;. I’ulir. 

-1. Carbon burnt completely in pure oxycfen to form CO, .. 1S,:{70 

2. Carbon burnt completely in air to form CO,. 4,»::9 

8. Carbon burnt partially in air to form CO . 2,705 

4. Carbonic oxide gas (CO, pure) in air to form CO, .. .5,422 

5. Carbonio oxide gas (OO+N) in air to form CO, .. .. 8,456 

6. Carbonic oxide gas (CO, pure) aud pure «>xygen to 

form CO,. 12,808 

7. Carbon burnt completely iu heatetl air (1000'’ Fahr.) to 

form CO,. 5,8G7 


Although the foregoing figures are of considerable interej^t, 
in BO far as they point to a limit of calorific intensity derived 
by combustion of the varioiw fojrms of fuel referred to, when the 
products of combustion are supposed susceptible of being in- 
creased in tempen^re in direct proportion to the amount of heat 
applied, it must'he remembered that these, conditions do n(>t 
obtain in practice, owing to practical limits to the rate of com¬ 
bustion; fdso the limiting efifeots caused by dissociation of the 
constituents of tha.ga8es. The temperature at which the various 
gaseous products begin to break up olp dissociate, taries according 
to the composition and i^|^tions of pre^r^ ont generally tbe 











MELTING POINTS AND SPEOIPIO HEAT OF METALS. ]!>1 

maximum practical temperatures obtainable, for the reasons stated, 
(ire very much lej||pian those given in the foregoing abstract, 
as indicated by Brfollowing actual temperatures obtained bj: 
“ Bunsen.” Actual temperature obtained by combustion of car¬ 
bonic oxide to COa *= 4892° Eahr. Actual temperature obtained 
by combustion of carbonic oxide in air to CO 2 = 3092® Fahr.* 
These actual temperatures were obtained at atmospheric pres¬ 
sure ; higher temperatures, however, were also obtained by in- 
crciising the pressure under which combustion was carried out. 
The latter results will suggest the working of certain metallurgical 
operations under pressure when higher temperatures are required, 
as already proposed by Bessemer, for which purpose he designed 
the reverberatory furnace shown in Fig. 61, also the crucible fur¬ 
nace, Fig. 62, referred to in pages 181 to 185. 


» 


Meltino Points and Si*Ecmo Heat of Metai.s. 


Metal. .Specific Heat 

Steel .* .. — 32r>0 

Wi ought iren .. *113 32.50 

(.'si&tiron . -H'i 2750 

Copper. • 00.5 2000 

Gun metal. — 1000 

PrnbH .. ,, '004 1S34 

Zine .. r. . -0027 770 

Lead. '020:1 612 

Tin. -0514 442 

Silver. -0557 1873 

Sold. -0324 2100 

Platinum .‘. -032 30S0 


Tempebattues Indicated by Colour. 


Wehling heat 


I > 08 . Falir. 
.. .. 2800 

White „ 

• • ft • ft 

.. .. 2370 

Grange . 


*. ., 2010 

Clierry red ., .. 


.. ifi. 1G50 

Brilliant Ted'.. .. 

f ft* ft* 

.. .. 1470 

Dull „ .. .. 

ft ft ft^ ^ft 

.. ... 1290 

Faint „ .. 

• ft t • a 

. 960 


Tho instruments used for^ observing these temperatures are 
known as the thermometer, or measure of heat; and the pyro¬ 
meter, or measure of fire. 

The first is ^mployed for all temperatures up ip that at which 

* See Blozatu.ftodlEtapitlajii^ ‘On Metals.’ 
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mercury boils.; the second is more particula^y used to ascortaiii 
those higher temperatures in which the construction of 

thermometer will uot allow of its use. ^i||pliermometcr deals 
iwith a range of heat comparatively easy to renter and observe, and 
relmble instruments may now be obtained,'regulated to an extreme 
degree of precision. Although much ingenuity has been employed 
in the construction of pyrometers, great doubt is felt with regard 
to their accuracy, more particularly at very high temperatures. 
There is yet room for improvement in this respect, as a delicate and 
reliable instrument for the ol^ervation of high temperatures would 
be of great service to seientihc men and manufacturers. 

The latest invention, that of Siemens’ electrical resistance 
pyrometer, bids fair to be of great utility, but as it is somewhat 
expensive, and of a rather complicated amstruction, it is not likely 
to be very rapidly adopted for ordinary workshop ufee. 

Of all bodies, liquids are preferable for the construction of 
thermometers, as solids are not sufTicieutly dilatable, and gases 
are too much so. Mercury an^ alcohol are exclusively employed 
in their manufacture; the first, because it does not boil but at a 
very high temperature, GCO” Fahr,, and the second because it does 
not solidify at the coldest point known. Mercury is generally 
used. The instrument is composed of a ^pillary glass tuL(^, 
terminating in a cylindrical or spherical bulb of the same material. 
I’he reservoir and a part of the stem are filled with mercury, and 
by a scale, graduated on the tube itself, or parallel to it, we 
ascertain the expansion of the liquid. On the stem, two fixed 
points are marked, representing alwayvS identical and easily repro¬ 
ducible temperataiiB^, ■ experience has shown that tho 
temperature of meltiiiig ic^' is invariably the same, whatever may 
be the source of heah distilled water constantly boils at a 

particular tempera#re, provided -tl^e be the same pressure, and 
a vessel of the saine/paateriaL, ..Oehsequently, for the first point, 
thevtemperature ofSnelting ieS has taken, and for the second 
the,"’ temperature of boiling distilled water. These t^p having 
been define, tlie intervening space, is .d’^*ded into equal part.s or 
deg^ee^ and tl:^.^divi8ion8 are continued the length of the scale. 

in the. thenno^e^rs there are three scales, the 

Centigrade-(invented by l^sius):-li^ninur*s, ^ Fabrcnbeii’s: 
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11j(^ first is uatid in Franoo, and by w^tliors of scientific vrorksin 
ot iior parts of Kus^^, England exoCptcd. Jt^a^nr constrnot 
ills llurmomoter in 1781, adopting i^e 8ani0„;ft^Ei^g and bpil^ 
])oints as Celsius; in the K^uinnf space’ll 

divided into 80 degrees, so; that 80 ^r^®a|ifiinr are equivalent 
to 100 degrees Centigrade: 1* E. isrt3h<^fo^'Oqu^^ to or 
of Celsius, and, reciprocally, 1® C. is equal to cjr Cou- 
s(‘queutly, for converting a nnmber of degrees B into degrees O, 
(■20, for instance), this number must be multiplu’d. by j, 

1 ’ It. is equal to G. 20° B. converted into 0. are 20 times J, 
or 25. Tt is obvious, also, that for converting the degrees of G- 
iiito tliose of E. they must be multiplied by 

Fiibrenheit, in 1714, invented a tbermometrical scale, which is 
j)opiiUir in Holland, England, and the United States. The upper 
fixed point of this instrument corresponds with the boiling point 
of water; but a temperature obtained by mixing equal parts of 
jmlverised sal-ammoniac and snow together, is marked 32®, the 
iiilt'rvciiing space being divided into 180 degrees 

I’lms the thermometer of Fahrenheit when placed in melting 
ice. stands at ; consequently 100° Centigrade are etjuivalent to 
212 minus 32, or 180; 1^ C. is therefore equal to or F. ; 
and, reciprocally, 1° F. is equal to -J-gJ or C. 

Suppose a certain ^mber of degrees Fahrenheit, say 85, have 
to he converted into {^rees 0. For this purpose, first, 32 must 
l.c subtracted from the given number, so as to count the two 
kinds of degrees from the same point of the stem. The remainder 
.5:’). And, as 1° F. is equal to ||° C., 53° are equal to § X 53 = 
21)’ C. Ecciprooally, for converting degrees of 0. into degrees of 
F., the given number must be m'lltiplied by and 32 '«dd^ 
to tlio prodiict 

To make a thermometer ,—^Take a fins glass tube blown into a 
hull) at one end. Heat the bulb-^the aii'‘thong|i^ndsi; place the 
tnfie under mercury, which wilf enter ibie:as it licds.' It 
must then ho so managed that the jnercn^, stands at a coavenieiit 
hciglit in the tube at ordinary > ";; . ’ 

Apply heat until the merciirjf«3£|«Mi4s to th®. ^ 
seal the tube by hj^ating it the glass together with 

a jiair of nippers. If this,ii? 


on coo lu; 
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w^l ; a, TacQum above it. The boilin 



idint Mid freezing point are easily 
36 k into 180° In lioth 

the C^tijgrade,.^d the freeziug point 

k iliarked ^^e ,(0),.t^^ beit^g ix^ in the Centigrade is lUO"’, 
vrhiy; In t^ ^l^eatiihnr it is ^. 

Spirit tlknnoineters ^xe n^ Icr taking very low temperalun's, 
as spirits e^hdt be feozen: ^ , 

lic^fitferipg thCTmom^rS are iiaade by contracting the neolc of 
the bulb/, so;, that whm the meicury expands upwards by heat, a 
portion of tlk;.n^ to indicate the highest i>oint 

reached. Another, mode is to separate a small portion of tin; 
mercury by a sinall air-bubble, from the rest. To reset tho 
thermometer, ^iow it to cool, and- then sliate down the small 
portion of mercury which registers the high temperature. 

In measuring the melting points of metals, the temperature 
must be taken just before mdting, take.^} place, because at the 
moment of liquefaction a certain quantity of latent heat is absorbed, 
and beyond that point the temperature of the melted metal might 
rise considerably, and make the observation incorrect; as a tliermo- 
meter cannot then be directly applied, a nnometer is employed. 

Numerous pyrometers have been '^1^'sed for ascertaining 
temperatures by the expansion of air from heat. This is the princijilo 
of the pyrnmeters. of Schmidt, Petersen, and Pouillet. Wheiv' 
these instruments can bd convenientlyr applied, they are capable of 
yielding very aodUrate results,, 

The final indications of ifchk .Idnd of pyrometer will of course be 
. arrived at by the laws nf.eXpauiwDD, of air and gjises by heat. 
‘H. llegnault gives the:ampujit of. exjpansion of atmospheric aii- 
hea^fmm 32'^ ^. '3665 or *3670 on its 

' ahr, ‘ 


3ulk at 




Ts i)yn>meter :fo^ the property which 

contractingai'high'loinp ./The a})iianiins 

il^i|j|||®^^*uetallic groove,-^, i^^ti^^.Jonl'g,, the sides of wliicli 


cem^ 


half. 


* three-tenths of uu 


moh®P.*^e cIay^'^^;Sf;^:tee' cylinders, or 
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truncated cones, which fitted the of the groove when 

they liad been heated to reduee^; |hj^ snh^qtieut contraction, 
when still terther heated# wa^- gliding gradually 

down the groove till they.>kiy€ 4 -?iit';|f'^^ ^ 

they could not pass., 

This measure of heat Ig -'50 longer k 
as its indications cannot liotelted iiponi, owing to the variations te 
t lie quality of clay. i&c.} hut tliere are times wte^P the principle 
involved in its construction maybe of use for rough approximations 
of high temperature. . ' • ' 

'Wedgwood divided the whole length of the groove into 240'*, 
each of which he supposed equal to 130® Fahr., and he fixed the 
zero of his scale at the 1077th degree of Fahrenheit’s thermometer. 

lie assumed that the amount of contraction of the clay would 
he always proportionate to the degree of heat to whidi it might 
liave ht'cn exposed. This is erroneous, for it is found in practice 
tlj.it a long-continued and moderate heat will cause the clay to con- 
tiact to an equal amount as h fiercer heat applied for a short period. 

Another proof of its inaccuracy is to he found in the absolutely 
iiupnssible temperatures recorded in some chemical liooks as being 
obtained by this instrument. Thus it hai bt'cn stated that cast' 
ii-oh nu'lts at 17,977'^ Fahr., and that iron welds at 21,000'’ Fahr., 
\vh('rcus it can be shown that the utmost temperature to he obtained, 
hy the combustion of carbon with atmospheric blast amnot exceed 
•lOOO’ Fahr. (see Example 2, pages 187 and 190)-—a temperature 
iar ('xceeding even the radting point of mild steel. 

Since the invention of the foregoing in 1782, a number of other 
lii'iit uic'asures have been constructed, of which the following are 
Hie most useful and teUable-PanieUV Schmidt’s, Gaiintlett’s, 
Wilson’s- Bailey’s, and Pyrometer 

1 he great majority C 
particularly the metals j 


b^ted more 
more 


wlien tempered than 

In Professor Danin's te measured 

hy the expansion of a;-•'" 

bhiclc-lead “and clay, in faetiff 

... • 1 .• 1* r ' a,, 


of 

^ a plumbago 
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or platmu^ jOf. nearly the same diameter, au4 inches long 
introdnced so as to rest against tlie Solid of the hole: aixl 
ttpon the outer or free end ,pf ;t^ nietallis rod rests a cylindritMl 
piece of porcelain, '^ex, the instrument is 

lieated^ the metal, expai||&g &iore tb^ ^e case, piessevS the index 
forward, which, by means of a wedj^^, k ^^fpt in the position to 
which it has been, forced, when thoMnstrument is removed from 

’ 1 L 

the furnace and cooled. A scsile is then atta^ied to measure the 


precise extent to which the index has been pushed forward by 
the metallic rod; it thus indicates the difference bet\veen tlu' 
elongation of the platinum rod, and that of the black-lead 
which contains it. For its indications to be absolutely correct, it 
is necessary that the rod and the.,case should expand uniformly, or 
both vary at the same rate. 

A very inconvenient circnrastance attending the employment, of 
this instrument is that no indications of temperature can be obttiined 
by it until it is removed from the furnace. 

Ganutlett’s pyrometer is constructed on the principle of obscr- 
vafcidns made upon the differential expansion of rods, or tnb(s, ol 
brass and iron. This cannot. be relied upon beyond a i)()iiii 
• approaching red-heat, at which permanent elongation of the metii I.-. 
sets in. Such pyrometers are, within limits, however, very useful, 
and several varieties are made, of which two are illustrated in 
Figs. 63 and 64, the former showing Carsatelli’s and the latter 
Bailey’s. 

The instrument made by Carsatelli consists of a tube a of iron 
or other metal, which at one end is screwed into a metal cone h, 
having through it a number of transverse holes c, and at the otlnn- 


end to a flanged socket <2, and inside the tube a there is a second 
or smaller tube e of metal, the j^tio .cf expansion of which by he.it 
is different from tlife outer ttibeLr ,,Tip Saner tube e is also screwi'd 


at to end to the lOi^al cone ^ and; Jhisipl^^he other end transverse 
and'ft plug into wKiefcw'^e^ed one end of a rod //, 
I'WlaLich: passes through a stem sdrewed, and “'adjusted to tho 
flahgad eock^ on the t^p of the, toeir tube, and afterwards held 
jBrin iby the nut h\ and to tha fefe^nt .ihis/fixedA case provided 
with .a dwt other end'dlr^j^; rol;^ contact with a 
small biodk »i , pivoted ^ or 
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segment p gearing into a pinion 
on the apindle carrying the index 
linnd, and as the rod h is moved . 
up or down, according t<3f, the , 
expansion or contractioajj^'!^ : 
tubes of metal, it gives 
to the toothed qnadi^t and 
])inion, and consequently to. the 
index hand. The hot blast is 
])asHGd through the instrument 
l)y inseiiing the cone h into the 
socket of the plug of the tuyere- 
tnho, or other suitable place, the 
c*III rent passing through the 
inner tul e through the holes at 
tlie top, between the inner and 
outer tubes, and out through 
the holes c in the cone. 

The outer tube A has a 
cover T of wood, or other non- 
eouducting material, encircled 
by felt or cloth u for preventing 
the radiation of boat from the 
iustrnment, and enabling it to 
bo handled comfortably. 

Ill W. H. liailey’s pyro¬ 
meter, Fig. 64, an attempt is 
nude to preserve a portion of 
tliB length of the rods employed 
non-pyrometrical, in order that 
when it becomes nece^rjf to 
])a«is the stem of the pyrometer 
tlirough brickwork, as in the 
case of a furnace, that poison of, 
t he. stem which is actually ih l^o 
heat shaft alone be utilised, te’ 
])yromctrical purijisea,; thU8,„a; 
more accurate indication of thst/ 




I'A 



1 

1 


l{ 


<t t 


$ 




if 




JPtQ 03. 
























bailey’s and Wilson’s pyrometers. 


11)1) 


required, and there are also two hands, one oC which mokes a com- 
]» 1 (‘ 1 (» revolution for every degree indicated'^Aby the other, and thus 
.it every revolution of the sihaller hatid l^e largmr hand v^ill only 
move one degree, hut in its wiU indicate the 

total heat. 

In Fig. (14, A is a wrought-ktA ''4|^Pf^8sing through the 
hnckwoik 15, and having a brass or OOj^p^k tnbe 0, screwed i» on 
tin other side of the brickwork as Ulnstmied. D is 
1 oil 10(1 ronii(‘etc(l with a quadrant at one end for acttia^% the 
iiiih'v sjundle, and which rod, being of the same matiSlM ^ ^he 
tube A, only that portion of its length which extenefe beyond 
tlie mouth of huch tube A into the furnace or oven has any 
iiiflueiKc in indicating the temperature of tlie fuinace or oven by 
tlie difl K'Tico in its expansion as compared with the brass or 
copjKr tube 0; but any other materials which expand unequally 
nuy lie nnployed either in the form of rods or tubes provided that 

tul)( which passes through the brickwork is compensated for 
by im inner tube or rod of the same muteiial and length as the 
tube or cisiiig A. 

In (j 4, E is the index spindle carrying the index hand 
F, di-c whicl (1, and luill-hcadcd knob II, all lirinly secured 
upon the s\uudle. I is a toothed pillion combiiif'd with a lulchct- 
whed J, wliicli is mounted loosely upon the spindle E, hut is com- 
jiclbd to turn with it in ono direction by the application of a 
-piiiig piwl K, mounted upon the &ce of the disc wheel G, and 
1 king into tho teeth of the ratchet-wheel J; the pinion I gears 
w lib tbe oidinary toothed quadrant L, which is connected with the 
iiittiii.ll tube or rod, upon the expansion of which, as compared 
vvitli tbe exlemal tube, tho indicating depends. This pinion acts 
upon th(' spindle E, as if it was fixed, thereupon, but through 
]Kiiniueiit expansion of either of the differently expanding ma¬ 
tt 1 i.iis empU^cd, tho index finger f fails to return to ^gating 
poiiil, h} turning tho knob or handle I|, the spindlo umybdjjmed 
Ml tlio direction of the airow, witho^ the posi^wlS^ the 

ItiMion, as the spring pai^f K ihe^diso wheel G ^0 tnrn^ 

inib pendoutly in that (firwtioivandl'tto the instrumont may bo 
.idpiskd to tbe ftfeatest nicety^ ^Ibsrtaia the fractions of a 
• !< iK'ol temperature, a toothed!fitted to tho spindle 
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jfitjOL'a' piDaohJ^, wMcb itunis O imli- 

,' . : '■^, smaller dial. 

‘ Xhe principle of the innasun’- 

Ir > 'i. u. f]^'* of hesit ini- 


j ^ high^ 

'}. 'quantity of hesit im- 

I ^ rj^** 11 * 1 * y i ^ 

parted m\h ■ given bulk of water, 
at some kbown tempeiatnro, by 
plunging therein a heated body, is 
that upon which Wilson’s pyro- 
- meter, b’jg. 05, is based. 
rT««i >, , I’he instrument consists oi‘ a 
n ^copper vessel A, capable of holdiu,!; 
y rather more than a pint of walcr, 
P . and well protected against radia- 
M tion by having two double casings 
k| around it, the inner containing air, 
and the outer filled with felt.. A 
N good mercury thermometer B is 

^ fixed in it, having in addition to 

^ the ordinary scale a small sliding 

V scale C, graduated and figured 

'' with 50“ to 1° of tlie thermometer 

Y 

scale: there is also provided a 
I' cylindrical piece of copper D, aceu- 
rately adjusted in size so tliat its 
total capacity ibr heat shall b(t 
that of a pint of water. In 
\ using the pyrometer, a pint of 

; 'Water is measured into the copjx r 
^Vessel,; and the sliding pyrouiclcr 
:scale <3 is set with its zero at the 
^ ^ i^jt^mperAture of the water, as indi¬ 

cated, by th(a mprenry thermometer 
; 3$ ; ;fb^ piece 'of copper is then 
aii^c|i^otO; a piece of wire placed 
I '' ^ ; the tempera tu re 

•/’,lt\' is. te ascerliii 11 , 

4^^ heated 
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for about two dropped into the water 

in the copper vessel, of the water in 

llio jiroportion of ,50® pf j^p^tnre jn the copper;'? 

tho rise in 


motor scale, and if to tiiifi,v^ ad( 


['temperature of the 


water, as shown on':th© pf the.iiieiten^^ thermometer, the 
exact temperature is dhtiihed. This pyrometW ^ foup^|p be 
more accurate than others for such temperatniaefe ;Wilt iM t 
; fur still higher'temperatures, a pifji^ of platinui^^ould 
bu used instead of copper^ and the instrument wotdd then be 
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available up to tho highest temperuturo tluit platinum Would stand. 
Of (iourse this instrument cannot bo used for taking observations 


ill imiccessibio places., ... 

Another moile of utilisih^j Si ,lhmmome^ meaa nrii^ jlo^vb 
tf‘mi>Griituros approj^Jha^ly Jfain*# ipjroiai^^ shown .in 9 
Here D represents a h^t^hlaSfe pjij^,,; A apparktd«^bi||^ 
consists of three or hrasi 

In the inner chamh^All^®^ nnd the 

hot blast, condue#iA«¥3p^^kfl^;0‘^f^^ the’'pipe B, circular's 


tiirougll tlic 6CCOp<d<;i^^^p^i^ 


nozzle K 
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tnire does not, of 

blast; but to 
metallio pyrometer in 

to fjx?^;HtiQv Any'iatip desir^ri^ay ^^^^ by a simple 

df^'^e bo^e of fiie tapei^-npziie^ ".^^heu the object is 
onl/wiegulafe of ilie blast, this adjnatmnit is 

not requkM, it beiB§;4ufi^i^t''te jaoteJtbe degrees indicated by the 
thermometer when, thp,H^t;|^iAt.j&oqrd^ ‘working temperature, 
and thereafter .midntAin it ' 

The electricjd toaistaDce ci^pi^ll^^w^ depends upon tl 


I on 


dimensionsj material, and also ^eir'temperature; an ineniaso ol 
the latter eausin^a correspoD^iig inpdjase of resistance. The Ifi w 
of this increase iS known. '.Thns (he resistance of a conductor 
being ascertained at 0® Centigrade, it can be calculated for any tem¬ 
perature, and, vice versd^ if the' xeswtanoe can be found by mt'iisniv- 
ment, 'the temperature can he calculated. And this is the principle 
upon which Siemens’ electrical pyrometer, Fig. 67, is based. 

, Apilatinum coil of a,known resistance at O'’Centigrade is coiled 
on a.cylinder of fire-clay, protected by a platinum shield P, wliicli 
is placed in an iron or platinum tube, and then 'exposed to the 
temperature to he determihed* > Teading wires 11 are arranged to 
connect this coil with an :|^sfeni^t suitable for measuring its 
resistance, and froof this:fri|S^|iip^ temperature can be calcu¬ 
lated. The^ le^ngw^^j^^"^ brought from the furnace; into 
an ofiice, where i^d pff, and recorded as 

often as required. ' , ^ 


The resistahc^m^suil^^'^^ftlii^t; supplied for the yuirpose 

s 


by an electric two platinum 

' The gas which i| in the long 

'Careful!■ ite quantity 
'k'-ilil^'^^l^eans of a'gr^dh'a^»<j^|l^|^|^^.|he tubes. 


^th the tubes 


to 


are,' _ 
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is ijiyided by ,passing a commnlijti 
yfeci consie^a bf an artificial resistance iu 
t}ij0 iTwrarambp,! ibS iia platinnin in dna tubp; the othc r, 

of thbyyesistano# tp be i»bMi;M:dnii;'thO electrodes in the etlj«.T 
tnba ,'The quantiii^ bfi-di^^^eloped in the two tubes are in 
irevetM i)ropdftioii to thl^^iahces; of their respeijliYe^ circuits; 
therefore one of the .resia^b*^::^^ in the instrii^fet, being 
kr'owni. the other can be, cal^fete^,; ■' , , 

The makers give the folio^iig dh*eotions for use:—Fill the 
battery glasses with pore wjderi or, in case of the power of tlie 
battery decreasing,. nyith a solution of , salrammoniac in water. 
Connect the pole® to B and B on the commutator. Expose tlio 
small enU of the pyrometOT tube, as far as tbe cone, to the heat io 
be measured, and connect the terminals X, X', 0 to the ends of tlie 
loading cable, bearing corresponding letters. Connect the other taicl 
of the leading cable to the terminals X, X', C on the voltameter. 

The differential voltameter is to he filled with the dilnit d 
sulphuric acid through the reservoirs, the indiarubber cushions 
being lifted from the top of the tubes. The commutator is to be 
turned so that the contact-eprings on both sides rest on the ebonite. 
The liquid in both tubes is to be regulated to tho same level (O"* of 
scale), and the indiarubber cushions to be Jet down again. Give the 
commutator a quarter of a tnrn, and tbe development of gas will 
commence almost immediately. Turn the commutator half round 
every ten secends to revise the, current Keep the current passing 
until tho liquid has falltta.ittc tbe tul>es to at least 50'’”' of the scale, 
then put the commutetoi in ite first position, so that the contact- 
springs rest on the ebqpite; read off the Ievel,^£ the liquids on the 
scale marked V, and the ife^li^^arked Y'; find these num' ers in 
tho table under V and.TV aMHhe intersecting point of tho liiu s 
starting from tliese figures give® |3^ resistance of the exposed coil 
-black, and its temperatiiro infigqrm .These,pyrometers are 

Messrs. Siemens BrothS^ Wbblwiqh. ‘ 

. " 
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ALTHoaoH the sncoess of metallurgicftl operafiong depends so 
liirf^ely on the possibility of finding proper refractory materials, 
and they enter so prominently into the cost of these operations, it 
can lianlly be said that oilr knowledge of them is in a yery satis- 
fiiciory condition, or even that we know very much about them, 
boyoiid a few faftts which have been gathered through their use. 
llKperiencG, as a general thing, is an excellent master, but the 
re({nlremcnt8 of modern metallurgy increase so rapidly that the 
acfjniivments of experience became as rapidly useless, because 
the exactions of temperature increase so fast, that the material 
depended on yesterday is of but little value to-day. No materials 
are required to resist so many and such varied conditions as those 
required for crucibles, retorts, and furnace linings. 

Such is the opinion express^ed by Dr. T. Eglestou in a valuable 
]>.*iper on refractory materials, read before tbe American liistitufe 
t»f Milling Engineers, and to which we are indebted for the major 
pait of the present chapter. 

Dr. Egleston goes on to Observe, that in the nse of a given , 
refractory material it wilEoften be found that the same substance 
is called upon to fulfil conditions which are not only difiTm^-ent, but 
exactly the reverse the one of tjbe Other. At one time it must 
resist an oxidising, and immediately after withstand moi*e or less 
of a reducing action. No%t|^aetion rotnst be. neut^^ 
by tbe corrosive action of i . stllphuric acid, or it must 

withstand tbe ad;mn'”6f ferric ,s,c01^; ;and iinmediately afterward 
only resist th@ action "S substance 

must resist tbe, desi^fictiye well as melted 

oxides, sulphidesjahd sUi^eV^i^Svwirlhe"^^ be proof 

against any amount!,of to bo lUtomshe^ and often 
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complain, tliftt one brick ^hich resists the indnence of o\u]( <»( 
iron, shonld fail entirely nuder a gns fliime, and that anotbtr (-IjohI 1 
slag the indnence of oxide of iron, bnt resist clear heat vv< 11 
and yet, when the nature of the is considered, we see that 

it conld not very well be otherwise!! tn many cases, and in cm i un 
portions of a fnruace, the brick may be called nfion on||Lto snppoit 
a very high temperature, cdmkb^in contact with themamo aloiu 
and this is the most trying Coition of all Otar modem k'cjiuk 
meuts, tor under these conditions the material must resist tin 
toinperature, and remain infusible without decomposition, ci n km 
or alteiation of any kind, and still retain strength sudicuiit to 
resist the pressure of the furnace. 

The substances with which we have to deal as refractorv nnt - 
rials are sihea, alumina, lime, magnesia ; clays which uie silu* ii( ^ 
of alumina, more or less pure; the hydrated aluminato of non, 
known as hiuxito, and some silicates of nia<;ncsa, as t.ilc, '^Ic ilit 
and the minerals which are allied to them, all of which snhst nut'' 
are fusible in the strict sense of the word, hut arc g(nci,ill\ in 
fusible at commercial tempi latun's, 'J'o tin sc Bub'^fincis two 
others must be added as powerful agents to lender mfusihl* niuk i 
certain conditions, substances which would otlierwisc ht‘ liisih'<, 
and these &*■& water, and carbon in the shape of coke or gi ij)hitt 
Some few locks aroused as refractoi^ mitciials, without uiida- 
going change. Q’hcse rocks are quaitxiles, oranites, some fl«iij(l- 
stoues, conglomerates, terpentines, steatites, and, in ceitam case-, as 
m Styria, carbonate of lime. Quartzite and saudstone-s weu, for » 
long tim<', m»od almost blast-furnace hcai llw "i In ^ 

are veiy refiaotory, buti^'Vipry fafcjawtheyous, as they are not homo / 
neons. Soin^^ aluminous shale^ aru ahto used, and will gcnci.iiK 
resist, if they do not contndu more than from 4 to 6 pci cent, of 
iron, the alkalies and the alkaliue eaiths together, but it is not (asy 
to use them. They are not hiust be laid in their qu.ai v 

bed, aud aie liable to ci<«sk Othei? ropka <4 the soapstone and 
Hf^Jx^Satine varieties, which contiam ■60 tp per cent silica, an»l 
20 to 25 per cent, magnesia, are mf^)«hle, ea^ly cut mid, if 
do not crack, can ho used; bnt, m substancfs uo 

not homogeneous, are diScult to get In sa^ioht quantities, and so 
little to be depended upem, that artificial mnt^^ ire prefened. 
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Silica is found IQ and'hydrous. The 

anhydrous, which ii he alone, as it 


and are found as wll^ dif¬ 
ferent names in difle^'t'’';fe# ^^^|g ^ 30'to 87 

per cent, platinising and from 

0 to 40 per cent, insoluble 10 per cent of 

iron, alkalies and alkaline eat^S, " These ihipuriii^ are generally 
in too small quantities to affect their refractory qualities. The 
rock is so tender, that M. Deville has had crucibles made in a 
Lithe out of it; but, as the composition is nerer regular, vessels 
nifide hy mixture are alw>^s better., Though silica is infusible, it 
cannot generally he used without being ground, and, as it has no 
binding quality like alumina, a small portion of binding material 
must ha added to make it hold together. 

Silica is generally a very cheap material, and preferable to any 
other snhstanee if it, is used only to resist heat, but cannot be used 
if any considerable quantity,,of scorim are formed. In such cases 
bauxite, or other alpminous rhaterial, will be found to bo preferable., 

Ininas hrich, which is the best, substance to resist heat alon€^ 
rerjuires lime for the biudiii||s'»6p»ii^ This brick is made of 
ipiartzose sandstone, which is first heated in'a furnace, and thrown 
into water, to break it up, ,and is then ground. It is composed 
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The amount of lime r^uii?ed|b Mnd it fopiber is l.i| per cent. 
The joints between tp brieka.j^; filledthe same material. 
At a temperature of 2200'* these bricks will 

last four weeks in the iDof of aw^j^aiy fiip ^d iathat time 
will be reduced, by ahresjp, and slightly 

from chipping, frcaa '9.';to;;^|*j|&;.'jOT|;|^op-pnd^^^ the heat 
so badly, that at a;^%ht white heat on 

the inside of the'the outside. 
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Ordinarily, th# bricks aoeni to flaat;^ aiii^y by the dust, wliirh 
cirei^l^Jlrilh 'the gafees. ' In the $i^b)^ fntoaoe, where theiv is 
th^ giTCiuut from weakn^‘‘‘.I^ be api)litnl to 

the furhjice where , Their prhiciinil 


the ternpcriituro 
flake, either as the 


' ba^ of deterioration 

cine 'to stoppages on Snndt^ ^jgfe 'i^^l'/hri^ 
furnace cools, or ^l^en it was at .first supposed 

that these bricks could onlpHl^ii^e from the Dinas steiio, hut. 
it is now known that tmey i!nay l»3|hiade from any pure silii-iDus 
rock which has been ground and mixed with,the proper quaiiiily 
of lime, 

Ganister is used for tiie Bessemer converters, clay being used 
for the binding material, i.e. alumina and silica chemically combined. 
It is generally uuburned, and* it is^^ery Impcirtant that the mixtuio 
should be so made that it will expand a little, hut not shrink at. all. 
For this purpose quartz, as pure as it can be had, is mixed with 
the aluminous clay. 

The following analysis will give a clearer ^dea of the com]a)si- 
lion of ganister, as compared with fire-clay bricks; the malei l ils 
referred to being cbtained and manufactured into bricks, i\:c., at. 
ridge, near Glasgow .y,! , 

r dAntfiic^^^k. 


£tcni«ni 9 ., 
Bilica 4 , 

Aluuriina 
Peroxide of iron 
PotRsli .. 

Liaae 

Mugneuiu .. 
&odu •. «. 

Orgauic matter 


,97*78 pfx cent. 

-rt' 

'none ^ 


Vire flay llru-Ic. 
tJG ■ 20 jicr cent. 
29*09 
,S-21 
•56 


•54 

•40 


Bpecidc gravity 




?* 

»« 

99 


Per coi)t. 

J = 95-27 
= 4*71 


oa 

2ll 


A special mixture of abiTotj^hister^^^ at the Bonnyside 
fipe-clay works, and applied to Ifie'^'^^orn'-out parts of the cupola 
liiiiing %hil6 soft, has in many in^tanil^ bei^ Icipnd^ to stand bettcT 
:^an when the. fettling has been ineaij of fire-clay 8cone.s 

set in fire-clay..;;.<■ , ;*-/ y;!.'-:,, 

jPaiKulfe Jsyfjio of the iiatu*4. '’8i»b8^E^^ has b(*on 

appHed_asA_^|^ohr mat^I.' ;it of .silica, alumina, 
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iind water. Like all aloutiiioas ^uk^hees, ^ Ibe ad7aBi|i.ge 
ol' teiidiug to form alaminates, wbieb areje^ .fusi^^^ 
and arc generally completely 

It docs not hare a .Very’eom^- 
tiines not present at aQ, 


b.‘low;— 



Dr. Siemens states that a series of experiments to form solid 
lumps by using different binding materials have ebown that 3 per 
cent, of argillaceous clay suflfices to bind the bauxite powder pre¬ 
viously calcined. To this mixture about 6 per cent, of plumbago 
j)owder is added, which renders the mass practically infusible, 
because it reduces the peroxide of iron contained in the bauxite to 
the metallic state. Instead of plastic clay as the binding agent, 
waierglass or s^icate of soda may be used, which has the advantage 
oDsetting into a hard mass, at such a comparatively low tempeia- 
ture as not to consume the plumbago in the act of burning i&e,; 
brick. When the lining is completed, the mteribr of the bricks is 
preserved against oxidation by fluid cin4et> added to bind them 
together, which also prevents qont^t^wlth the ffame. A bauxite 
lining of this description ii^ists both !b^ end fluid cinder in a' 
very remarkable degree, as u^.pimy^ ^.flning a'rotative furnace 
partly with bauxite ani pi^ly l^refuHy selects plumbago 
l)ricks. After a fortnight^ wcffpnjgflhe >f^ck lining wee reduced 
from 6 inches to less t|ien whereas tdie bauxite 

lining wall' still 5 inches thibk ^i^leotly eomf^ct. It is also 
important to observe thei etptwed to Intense heat, is 

converted into a solid mass that 
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42 ; 26 
4 12 


M 
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it can barely beHdiioljedi 'by steel tools, and is capable of resistiu" 
tbaj^fl^lutnical as well as calorific and chemical actions to wliioli it 
: Is c^^s^, / The bauxite used for this lining was of the following 
composition:— ' , ; , ' : 

. Alttminft ^ 56*62 per cent. 

“ Peroxide of itott 
Silloa ... .. 

Almost aU the alaminat^®wn are infasible, Siemens has 
taken advantage of this to make bauxite bricks, which have this 
composition:—Alumina, 50 per cent.; s^quioxide of iron, JJ5 per 
cent.; silica, 3 to 5 per cent* They last five or six times as long 
as the best Stourbridge bricks, l^othing has yet been found which 
resists the corrosive action of basic slags so wel|jl|- 

Lime or time roeJes, cannot he generally uSd in commercial 
operations, becatae the carbdnfete, the only form in which we have 
it, becomes canstic under heat, and this, when left to itself, ahsoi bs 
water and falls to powder. It can bemused when an operation is 
continuous, but in no other case. In Styria the hearths and side's 
of blast-furnaces are sometimes made of it, but they are geuerally 
quickly abraded and make but short campaigos. Lime is infusihlc; 
bricks of it are used for the fusion of platinum. It is, however, 
very easily acted upon by silica; but when this is absent it is one 
of the most refractory substances known. 

Magnesia made from the carbonate by driving olT the carbonic 
fwrid is very refractory, if pure. . It is made into a^y shape that is 
required, and is one of the most refractory of substances. It ^vtls 
formerly very difficult to get the carbonate of magnesia, but largtj 
quantities of it haVe been, found on-the island of Euboea. It can be 
calcined at a less cost than .ordinary lime, losing half of its w'eiglit, 
so that if calcined before it, is transported, the cost may be still 
further reduced. It contains a little lime, silicates of iron, sind 
. some serpentine and silica, ^iter dalcination the serpontine u/id 
. silica can be separated, us it is e^ily cru^j^, but the most of tlio 
■^iifcrk can be done by hand-pUking belprehand. ' Before moulding, 
it must be submitted to about the temppratuie it Js to undergo in 
the furnace, otherwise it would contract,. It is then mife with a 
certain portion of 1 <ms calcined piaterial, which one-sixth for sh'd 
fusion, and lOito 15 per cent, water by weight, and pressed in iron 
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moulds. If for any reason —either because there was too much or 
too little water, or because the materia was" not properly 
or contains silica—the crucible is not strong enough, it has cwy to 
bo dipped in water which has been si^tnj^a^. with boracic add, and 
tlieii lioatcd. ' ’•'v*'‘ ■ 

I'be materials of whicSpfce-brickS liie generally maHe,, however, 
nro fire-clays, which are hydrate'sihcates of alumina, containing 
from 50 to 65 per cent, of dlica, 30 to 75 peTvCei^ of ^umina, 
and 11 to 15 per cent, of water. The relation between the silica 
and alumina is exceedingly variable, owing to the fact that a part 
of tlio silica (which is not always the same) is combined and a 
])art uiicombined. The quantity of water is also variable, as part 
of it is hydroscopic and can be drawn oflP without injury to the 
(• 1:1 y, ^J'lio plasticity generally depends on the water of com¬ 
bination, wliich, when driven off at a red heat, cannot be made to ■ 
coinliino again. So that this property is then entirely lost. Fire¬ 
clay (rolltains, beside, a small quantity of elements such as potash, 
sola, lime, magnesia, and iron, and is generally less refractory as 
ii contains more of them. When it contains from 6 to 10 per 
cent, it will generally melt. When the clay is silicious, 3 to 5 per 
cent, of other substances makes it fusible. When it is aluminous, 
0 to 7 per cent, of oxide of iron does not make it lose its refractory 
(|Uiilities, owing to the very refractory nature of most aluminates. 
Wlien, therefore, the corro.sive effects of basic slags are to be feared, 
eliimiuous clays must be used. 

Almost all clays contain organic matter; if it is present alone 
it makes the clay more refractory, since the presence of even a 
small amount of carbon tends to increase its resistance to heat, as 
s(!cu in grapliiie crucibles. Pure material composed exdtnsively of 
silica and alumina would be completely infusibla Such material 
is, hov,’cv(T, exceedingly rare. The property of mfuBibUity is 
ill ways moie or less compromised by the presence of foreign sub- 


^iauces, which tend to damage it or take it .away altogether. The 
clay, which according to Brongni^t is the most refractory when 
deprived of its hygrometrie, wateir|^.^hiaa’ the composition; silica, 
67 *42 ; alumina, 42*5§, ■ 

While the refractory nature is due, to a very great 

A. * « ■ '..a./*' ' ^ m. - . m. 


extent, to its chemical 


♦ - - 

It jb not due to it alone. There 

p 2 
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are, HO tssrp beJe of clay in tlxe world, 6r distant parts of 

exactly the ^me composition, and yet 
nc^jjl'-Of the sain^ quality. The power to resist 
o^g^ih ^ xnolecnlar condition of 

. X ^ BnbTeefelxdiii^ haa^^ihemi^tet little studied, and is 


hnt little understood.. 




would be reiected from 
cbietni'cal analysis alohe,^ ip practice to be 

excellent rqfri^ryr mat^Mi^ Ihas been found that the re¬ 
fractory nature of the clay depend^ also to a great extent on the 
mechanical arrangement p|j the particles ; for of two materiuls 
having exactly the ^ma chemfoil composition, one being coarse 
and the other hi a 'fine powder, the coarse may be practically 
infusibfo, whfle the i^e yaey be move or less easily fusible. Tlio 
more porous thb .same substance is, the more infusible it will bo. 
It may be said in general' terms th^. the value of a given re¬ 
fractory clay will be invemely as ifs coarseness and as the amount 
of iron contained. When the amount of iron reaches 5 per cent., 
the material becomes worthless. This is true, however, only in 
general, for Pettigaud cites an excellent clay from Spain, in wliich 
there is 25 per cent, of iron. This is, however, an exception, and 
will be referred to again. 

In order to be useful, clays should be, or should be made to be. 
more or less plastic, as this property is necessary to their being 
moulded into the many shapes recjuired. This plasticity is owing 
to the finene^ pf the particles, to the presence of alumina, and to 
the water of combination. It is diminished by the presence of 
iron, lime, and magnesia. The refractory nature of the clays, 
then, is due to the presence of alumina, and to the absence of 
potash, soda, lime, magnei^, and irpm The characteristics of all 
fine clays may be said to?|p that dp hot effervesce with acids, 
that they make a paste wiili' watec^ '#hich is absorbed so rapidly as 
fo make a slight noisel This pai^, can be drawn out without 
bifealdng, and is very plastic. :3)ry, ^hey are solid, and break into 
scafos^when struck. They hate a ^py fed, ore scratched or 
- polish^ by the nail, can beW inWIpr^ tibbpos '^th a knife, and 
aj^peSir aatoewhat like h<3^;^l;1ilfbeh‘ quariy they 

have^f 'mbre hr less fmtid'odoui,^4t?^g, of some 

, -"^"^^^rganic sabs^nt^ .!- ^ contain, as 
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\v(3 have seen, either silica or alumina' m o 3 r,cei^‘*'"Siyca in excess 
makes them rough, and takes awajr plastkat^ knd 

tenacity; alumina makes them^very picnic ^ ^^gnesia makes them 
very unctuous, and almost ^py, fusible ; 

lime makes them dry andfu^iHe; ’ird|ii^3i.;Qt&lnbstaH0^^cha^ 
their colour, and, beyond vi^'pertrictod limifs, them 

lusihle. The and brown colours, up to bMck, are bwing to 
ii small perceniiPBi of bituminous matenal. ‘ White clays are 
generally considered the best, but there i^ no certainty about it, 
as they often crack, or even mdt. It is generally an excellent 
sign if they leave nnbroken lines when scratched by the nail. 
It is, however, never safe to judge by the eye or the touch, as 
some of their chief characteristics apply equally well to materials 
not in the least refractory, and even those that are pccu|^ tp 
them may be taken away by improperly drying them, by careless¬ 
ness in storing or handling them, or by allowing them to become 
mixed with other substances. A preliminary analysis gives only 
a general idea of their nature, but it is not always h Siife- guide to 
the manufacturer, who needs fir>t an analysis and then an aesay ; 
lor some of the most inferior clays, if we should judge by their 
analyses, give excellent resulis when used as mixtures. Analysis 
is necessary both before and after the assay, but there is a 
molecular force which seems to have more to do with the value 


of the material than the chemical composition. The greater this 
I'orce is, the less likely the heat is to overcome it, either to cause dis¬ 
integration or chemical union. If possible to do So. all clays should 
undergo some process of preparation with a view of purifying them. 

Kvery person using clays should endeavbur to'-get a certain 
knowledge of their properties by assay. T^te have been a num¬ 
ber of these assays published- ^"he two simple^ and best evc, tbo 
one proposed by Biscbbff ai^“the, foil assay. ' . 

Bischoff’s assay is pn the comparison of every clay with 
one from Garuhirk, in gcotlapd,;Whicti is tsfeen as a type. For 
tills purpose the clay to be ex|imip^;fe Uaixed With one, two, three 
to ten parts of quartz.' It is . theh^jl^^ to a ^own temperature 
and compared. If the cley, ■ siKca,- ects like the 

Scotch clay with onej H ie so bn. .Jhe best and 

shijplost assay seems Mowpipc, which con- 
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sists m stoall' quantity of clay with water, and then 

it out ca^fully on a piece of plalimim foil in a very thin 
Bheovwhioh^ when e<«ftpletely dried, i@ submitted to the llame and 
compared'with'clay "of kno||^fu^^ prepared in the same way. 

few clays can l^\used as jfouud. They must he, us il. 
yirere, sttspendcd in some fusihle material, which will prevent, as 
far as possible, the mechanical effects of the h^^ and allow at the 
same time of a certain amount of expansion an^wiitractinn, while 
preventing both in too great a degree. These materials are 
generally caded “lean,” that is, they do not make a paste with 
water, and require some binding material to keep them togetlu r. 
They are usually quartz sand or pulverised quartz, burnt clay, old 
bricks, serpentines, talc, graphite in powder, and not infreqiK'istly 
Sm|ip|>coke, when the ash is not to be I'eared, niid when giaphito 
either cannot be had, or cannot be used on account of its higli 
price. ' 

Of all these substances quartz snnd is the cheapest, hut it has 
been found by experience that round grains of sand jiro less liable 
to become thoroughly incorporated with the. binding material ilian 
the angular piepes of crushed quartz, so that w hen a very refractory 
material is required crushed quartz is always ust.d. As tlie clay 
contracts, the quartz expands, consequently a mixture may !«' 
made which will not change its form; but in a given case liiis 
may not he the best mixture for a special use. If the material has 
only to resist great'beat, an excess of quartz is preferable; hut if it 
must also resist the cowosive action of basic slags (clays burnt at a 
high heat), graphite or coke can he used. When the mixture is 
made in the place where it is to be used, without previous hurniii,L% 
it is generally made of one-fifth plastic clay and four-fifths burnt 
clay or quartz, or one-fourth lean dky and three-fourths burnt clay 
pt quartz. This is done to avoid contraction. It is a mnst 
economical construction, even in blkatTfUrnaces, and is coming iiioro 
and more into use. , - . , ' * 

The clay, when rained, is left ©imposed to the air under shocl.s, 
and is cleaned and citrefull^dried ;■ it is afterwards mixed wil.li 

' ’ k to; he incorporated, which are 


the substances with whic^ 
classified by“Jiumber-s, varying 'according t6 4lie size of the sieve- 
holes which they will Jhd quantity and quality of 
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Hk) mixture will determine the reftactdry nature of the material to 
be produced A friable paste with large grains, and quite poroxls, 
resists a great heat. * One with fine grains, close and compact, splits, 
at a high heit, especially if it k not h^nogeueous. The manner 
ill which the mixture is made also influences the quality of the 
brick quite as much as the material. In some workfe in Belginra, 
a tier taking all the ordinary precautions to make. the mixture 
]»ei’l( ct, it is submitted to a succession of shocks continued for some 
liuio, until it is found by experiment that the materials are per¬ 
fectly mixed. It has been found by long experience that the bricks 
so made keep their form perfectly, while others made of exactly the 
same mixture in the ordinary way contract. 

The (juantity and size of the mixture dejiend upon the size of 
tlu! article to be mannfiic'ured. When coarje grains are used, 
greater thickness must be given to the sides of the articles if they 
jiif' liollow, and they must be made larger if they are solid, thus 
.i^iving a nieclianical cohesion where a chemical one is wanting. 
Tlio usual quantities of the mixture are two-fifths to two-thirds of 
liir- substances added to two-fiftbs to one-third of the clay, these 
(juantities ))eing determined by volume and not by weight. When 
coke-dust is used it does not seem to have any decided effect 
beyond i>ne-tenth. The action of coke or graphite is to decompose 
the metallic oxides as they form, and thus prevent their union 
with the material of the crucible. Coke may be profitably used in 
the place of graphite wlien the ash is in small quantity, free from 
iron, and highly aluminous. Beyond 2 to 11 per cent, graphite cannot 
be proiitably used, as it weakens the article and renders it liable to 
bleak. I'he mixture wliicb gives tlm very liest results for small 
objects is, hoWfver, worthless for large. It will generally be found 


til,it the pieces which crack up and down in drying have had tnoi 
much material mixed wilhilli!6 clay, and those which crack laterally 
have had too much clay. ‘ ’ * ‘ \ 

Tlie very greatest importance,is attache^^ some industries to 
imt hav iiig a mixture made by a lii most places even to 


this day the inhuman method af/heel jfcreading fe used, because, 
either from the fact that mor? C*M!^|:‘0X,ercised, or because snuilUr 
quantities are mixed at suits are obtained. 'J’he 

more the operations of repeated, the better the ujnterial,. 
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aud it is nikllCMiotsdly tfoe that with mechanical means such a 
homog6D0^^jp^ is not pirodnced as can be mudo by human 
labour^ beoSnljl'tlbe whole objeot of the machiiie is to operate on 
large qtiaiititaes at % timet ^ 

^ !13ie paste inade, and the article completed, it must be dried or 
** tempered.”' Hus is commenced in the open air, and if possible 
out of the draught. If the draught cannot be excluded, the place 
where the drying takes place is slightly hmited, commencing at a 
temperature from 60® to 70° Fahr. and keeping it up from twenty- 
live to thirty days, then increasing it from 80° to 100°, leaving 
the article as long as possible, an active ventilation but the same 
temperature being kept up. The article should remain in a tem¬ 
perature of irom 150° to 180° for at least six weeks. Bricks do 
not generally require such care; but crucibles and retorts do. 
Long experience has proved that there is a great eccmoiny in 
conducting this process of tempering as slowly us possible, and that 
it inHuences materially the refractory nature of the aiticle. 

It is found by actual experiment in crucible works that those 
crucibles made from the same mixture, tempered during six to 
eight months, last more than three times as long as those \\lii(‘li 
have been tempered only two; so that in general the older tl^e 
article before being burned the better. This desiccation, while 
perhaps it is the most important part of the manufactme, is un- 
doubteuly the one most neglected. A poor article, well tempci< d, 
is often better than the liest which has been Lustily dried. By 
working rapidly and filling up cracks as they form, m a too rapidly 
heated drying house, with a very liquid material, in order to secure 
complete penetration, both time and money are lost The mfitciiul 
never lasts neaily so long as when slowly dried. In the works at 
Andenne, in Belgium, large ^ece^ j^^^glasshouse pots, arc kept 
six mouths in the diying house befimMbiey are burned, and during 
ill's time the greatest care is t^ken &'^event*any air colder than 
the drying room striking them. IL^ving the door of the drying 
furnace open bgs been known to crack the pieces, which bad been 
up to this point most carciully prepared and tempered. 

In reviewing the eiteets different elements con¬ 

stituting refractory materials have, & find that the same element 
produces exactly coutraiy acooi^ing to the propoition 
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m which it is present, and that^ihereis nothing anomalous in those 
cflects being so produced.. SHica causes^ expansion when highly 
heated; so that the mould foof ^4jping bricks most be smaller than 
the brick is to be. Erery mis^nre baa Jtsf particular rate of 
expansion and contraction. This expansion not only takes place 
when the bricks are made, but if, when used, they are submitted to 
a higher degree of heat, they expand still further, and contract on 
cooling to such an extent tlutt at Dowlais the tie^rods of the steel 
furnace are slackened when the furnace is getting into heat, and 
are tightened again ^ it cools. At Crewe, this is made self-acting 
by means of springs. * At Crensot the furnace casing is made so 
strong as to resist the pressure, so that the centre of the roof 
arch must rise and fall, to fdlow for the expansion and contraction. 
AVheii neutral%rick must be had for any reason, it is mixed with 
just enough clay and burned brick to make it keep its form, and 
such a brick is generally less fusible, and contains leas silica. 

Alumina alone, or with silica to the pro()ortion of 30 to 38 per 
cent., i^ very refractory, but 3 per Cent, of it in a silica brick makes 
it iiisiblo. In clay, or pure silica, it tends to contract; and this 
tendency is greater as the alumina is in greater quantity, and the 
heat of manufacture has been low; but when it has been very 
highly heated at first, it undergoes little change. Tliongh both 
silica and alumina affect each other unfavourably, Bi-choff found 
that 4 of alumina to 1 of silica, or 2 to 1 or 1 to 1, only, splintered 
before the oxyhydrogen blowpipes, making masses with a granular 
fracture. One of alumina to 2 of silica was fusible like porcelain, 
but somewhat granular. One of alumina to 4 of silica, and 1 of 
{iluinina to 6 of silica, melted like a thick enamel, wh’ch shows that 


the acid silicates of alumiqa^i^re much more fusible than the basic. 
He also found that a mixture of alumli:ia and silica was 

less fusible than tlie. in a .natural combination, and 

that in general silicat^'m^dy formed, are more fusible than a 


luixiure of their constituents.^ The generral’ property o'f alumina, 
when mixed with other substanc^, is to Mnd them together. 
AVheu combined with iron or ofh^^bases alone, it\makes infusible 
aluminates ; but if silica isfuses, more or easily. It 


is generally considoEi^' 
should be between 


of alumina in a brick 
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Tbe olkalies in small quantities make a brick ’fusible. Thoro 
is a great difference of opinion among those who have studied tliis 
Bijbjc^ T?ith regard tp this quality. Snelus states positively that 

1 per bent, of alkalies in an otherwise good material makes it too 
ftthible to withstand high teinperatures. Kiley states, with equal 
positiveness, that he h^ found brksfc containing 2*73 potash to 
resist the greatest heat of a Siemens-Martin furnace. It is pro¬ 
bable that both are right, and that in the special cases alluded to 
the peculiarities were owing to the association of elements. In any 
case, a material with a very small percentage of alkalies cannot 
be used. 

Lime alone is comparatively infnsiblo, but in very small quan¬ 
tities in a clay, it makes a brick fusible at very high temperatures. 
One per cent, of it with silica makes the most fusible brick known. 
Magnesia in small quantities makes the clay fusible. In very 
large quantities it is very refractory. Alone, it is entirely in¬ 
fusible. 

Oxide of iron, in the absence of alkalies, may he present in 
small quantities without seriously affecting a clay, unliiss it is to 
he used for melting steeL If alkalies are present, any pmpoj iioji 
of iron would make such a clay worthless. Jf ho silica at all is 
present, 5 or 6 per cent, may not damage it. In a silica brick, 

2 to 3 per cent, of iron makes the brick worthless. Jf the iron 
were always to remain in the state of a sesquioxide, its compounds 
would be more infusible, and a large percentage would do no 
injury; but some of the sesquioxide is certain to become rKluced 
to protoxide in the presence of reducing gases, and the result is a 
very fusible compound in tbe presence of silica. 

There is still a more deleteiiohli and dangerous effect of iron in 
fire-brick, because its effects afp ]^ij|^d not at a high heat, but 
at a comparatively low temperstl^HH^. is well known, since the 
researches of Bfll and others, a brick contuiuing iron 

ui exposed, even at a low tempeintutb, to gas coutaining carbon, 
and a part of this carbon is deposit^ near the iron, this lias often 
.not only caused the brick to lose its cohesion, but may even burst 
it, as- tG throw down the iron walls of furnaces and the lining of 
fliia:: "Tiie presence of iron, therefore^ is doubly, to be dreaded^ its 
P|[jj|^^:^t,low temperatures being ^eletwlous as at high. 
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As much as 1 per cent of titaninm bas been found in some 
cluys Little is known about it« but it acts like silica. 

BischojQF found tliat 20 pe^^^^ of magnesia, 28 of lime, 47 * 1 
of potash, or 40 per cent, of iifTO 'bkd exactly the same effect of 
making tlie clays fusible, and that when 4 and 2 of the different 
buses were used, the rclat'oii was striking and in about the same 
(»nler, Tlie quantity of other subshinces required to make a 
})i)und fusible depends upon the quantity of silm present: ine 
more the silica, the less the quality. 

Table XiX. indicates some of the physical qualities found in 
English fire-bricks. 

'File essential qualities of a good brick may be stated as 
follows:— 

Uniformity: 

liognlarity of shape ; 

Strength to resist the different pressures required under dif¬ 
ferent circumstances ; and 

Its reasonable price. 

No muterial yet manufactured fulfils all these conditions, but 
tluTO seems to be no reason why, with proper investigation, a 
material should not be made to fulfil most of them. The me¬ 
tallurgical world is nearly agreed that the refractory material 
of the future must be made artificially, and that it is hopeless to 
look for it among natural products. No brick can come up to the 
modem standard of iiifusibility which contains 5 per cent, of iron 
or 3 per ceny||^' combined alkalies or alkaline earths; yet the 
most infusible bSck known—wliieh in the roof of a Siemens-Martin 
furnace will resist during 250 charges, and then wear out by 
abrasion, when required tp cOmo in contact with metals, oxides, 
and alkalies in a spiegel ™||^:r-:will hardly stand twenty-five beats, 
while an iron pipe easily d^troysd by beat, will last 

almost indefinitely in cupola, prptided only a sufficient 

strean||.of water is run tlirobgh^ it., If'silica n«ikes the l*est roof, 
it makes the worsi: hearth. Alumhia, whgiQi; present in very laigo 
quantities, even in the presence eff a. smaU a.mdilut of silica, makes 
compounds whicili are almost idfusilAe, that it should ho used 
for the fire-bridges and beartus.and not piit into the roof, where its 
tendency to contract, would jsnd^ger iho strheture of the fiirq|ice. 
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FIRE-BRICKS. 


2‘Jl 

Fur too little attention has Jbe^n given to the abrasive" and 
corroHive power of coal dust cariied by the draught, in 

gradually cutting and flum^||[B the parts of the furnace ex¬ 
posed to its action; and many of brick which are infusible 

in tlie assay owe their small power of resistance to its effect. A 
brick to be used when it is exposed to such action shonld always 
be te^sted by placing it for a considerable time on the bridge of the 
furnace where it is to be need; for the destructive effects of ibis 
ulinost unobserved agency seem to be greyer than those of long- 
continued heat. 

A good brick should not only resist high temperatures, but 
sudden changes of temperature, without alteration of any kind, suc^ 
us erii^^hing and flitting, and the like; and at a high tomperatun^ 
should undergo the le wt. possible change of form. Shrinking 
generally due to insufficient burning or a too sm ill proportion of 
oil material in the mixture, and generally occurs in aluminous 
bricks. Its chief evil is in allowing the Hume to penetrate the 
o]ien joints, and give the dust an opportunity to cut between the 
bricks : for any cause which produces eddies in the flames, rach as 
liollows or projecting surtaces, is certain to effect the destruction 
of that part of the furnace. Silicious bricks have, on the contrary, 
a tendency to expand under the influence of heat. This is true to 
such an extent, that in the steel furnaces where they are used, pro¬ 
vision must be made for slackening the tie-rods when the fire is 
being raised, and tightening.them when it is being cooled. 

The crashing weight of an ordinary fire-brick when cold is 
from COO to 1000 lbs., bat some of the be^t have been known to 
resist as high as 30U0 lbs. to the square inch. To ensure the 
safety of the structure and the succe^ of the pioc^, it should hoi' 
only retain its power, of^^i^&tanfce, but itiio^d not undergo any 
change of form, or soft^^aterially under long-continued heat, 
and at the highest possible; tSiperatures shdii^l support more than 
double the strain required"without altwatidn., In the walls of the 
fireplaces, those bridks will be best yrhioli are dense and contain an 
excess of silica. In the arch' they oonttfin an ex(%ss of 

alumina. In the arch th^ sboqdid be neai^y- pure saliea, alumina, 
or magnesia. Bricks in a roof ^ve 'ent from shrinkage, cracking, 
or splintering; the Utter tal^ ]^labe when siUcate hrii^ are 





FOUNDING AND CASTING. 


made' of impure mixtures, usually from too much fine matcriiil aiul 
bad burning* Bricks which siij^||kble to splinter are generally 
cro8s>grained and dense, with;^|H|tall conchoidal fracture when 
made from impro^r mixtures* j|ad when, from improper burning, 
they ring like a cracked vessel. All good bricks wear off evenly. 

,, No matter how good a material may be, if its price be so high 
as to prevent competition, it might as well not exist. Hence any 
effort to furnish a good material should have for its aim pro¬ 
duction at the least possible cosh 

In discussing a refractory material in a given locality, there are 
to be taken into account— 

The clay and other materiids to be had 
The ore or metal to he treated; 

The fuel to be used ; and 

The foreign substances in the gangue of the ore or metal. 
Whether to use one clay or> calcined and raw clay, must be de¬ 
termined by direct experiment, and then the size of the grains of 
the mixture for the given use must be determined, for each sub¬ 
stance is more or less refractory according as it is coarse or fine. 
Thus, in Belgium, a porous material with a largo grain is used for 
blust-furnace brick, but a fine mat* rial with a close grain for coke 
furnaces. It must then be ascertained whether the mixture con¬ 
tracts or expands, for days expand between and Jtli. The ways 
in which the material tempers must then be carefully studied. It 
is not sufficient only to have a good material, for almost as much 
depends oh^he manipulation as upon the material itself. To 
temper pro^fly, the clay and the manufactured article should both 
he dried gfadually aiid uniformly. It must he fired evenly, and 
the temperature slowly raised to the proper point. The brick or 
other material once made,' should from dampness, as it is 

porous, and likely to absorb moistuir^^d should be heated bfdbro 
, being used in the furnace, and put in' at a high heat. If it is to bo 
put in blast at once, especially with silica bricks, the temperature 
should be as high as tbo hand can bear. If the furnace is to be a 
time standing, tliis precaution is unnecessary j but in the two 
last ;^^ the furnace must be dried very carefully and slowly. No 
brick which has been dressed should ever have the dressed face ex- 
^ fiome. W'iihout the observation of .>t|ti<^e precautions, 
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a very good brick may give a Tery bad result. It is too much, the 
hubit of this age to get quick aod this has led some blast 

iiDiiiagors to boast that steamii^^iissning from the top of their 
furnaces while cast iron was being tapped from the bottom; under 
such management we never hekr of long campaigns, but very 
iiequently hear of disasters. 



- ' ’ 

1 ^ 0 , ^ . 
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It is thus seen that a briofc that is good for the cupola would 
be worthless for the reverbmtory furnace; that which answers 
well for iron generally would he worthless for zinc ; and a crucible 
wljictli is exceUent for steel cannot, be used for brass. It is the 
way to realise progress, to pnyalyse natOral substances nntil wo find 
the right one, or int^ trials^ and depend upon ^them 
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aloae, Ul^eErfigaiioiis go to that vre should look for 
artifidifill^d hot fox, natural oo ^^ undB, and that when we have 
made a ihiiWre that has stood^^^|PI|;; we are then to examine and 
analyse it in order to repr^^^.-^V ‘jPailure in this, as in many 
other eases, is very often oWmg;t%^’^lpong application of good 
m«iterials rather than &ult in the maletiais themselves. 

To assist founders and nthejm m pnierihg their ^re-bricks, the 
various^ manufacturers have of standard shapes 

and sizes. Those usually rOqui^ hi ordinary foundry practice 
or© included in the accompanying fllu^ations (Fig. 68), giving 
dim^siohs and name of each type shown. In order to reduce the 
wa^, each of,the types or shapes of fire-brick illustrated, is made 
in from three-^ to four different sizes, so that, for instance, when 
patching the lining of a cupola, different thicknesses of scones are 
required andiare therefore kept in stock; otherwise the laborious 
end wastdTul mefthod of splitting has to he adopted. 



CHAPTER iX 

OBXroiBLES. 


Crucibles are vessels used for the fusion of certain metals, for 
assaying, and generally for many other chemical purposes in which 
intense heat is employed. 

The use of the crucible appears to have originated with the bid 
alchemists, who were in the habit of marking them with the sign 
of the cross, before commencing their operations ; whence the deri¬ 
vation of the name. The principal requisites of a good crucible 
arc, that it should be capable of enduring the strongest heat without 
becoming soft or loi||g much of its substauce; that it should not' 
crack on being e^osed to sudden alternations of teitperature; that 
it sliould witbstfliRl the corrosive eflTectof the substance fused in it; 
and, lastly, that it should be sufficiently strong to support the 
weight of the molten metal when lifted from the furnace. 

Crucibles which become tender at a high temperature are then 
liable to break or crumble when grasped with tlie tongs, and are 
very dangerous. 

Clay crucibles are made of fire-clay, mixed with silica, burnt 
( lay, or other infusible matter. 

In order to counteract the tendency, clay has to shrinking at 
high temperatures, the other Bubstancefjjjjm, mixed with it. The 
proportion of burnt to raw day may be but two-thirds raw 
clay to one-third burnt clay is a very oominon p roportion. It is 
iiec('ssj\ry that there should be a sufficient quantity of raw clay to 
produce the proper degree of plasticity for working. 

The imburnt fire-clay must be ground, as must also the burnt 
clay, the lattisr generally consisting,^of eld crucibles or glass pots, 
which have been exposed to high teinpeiatures. - The surfaces of 
these old pots must he, cleaned fipm all extraneous matter, and 
any vitrified coating chipped offi 
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. pure silica are 

beat I6i| Ihe moBk i£ in addition they are 

^in admixing as lime or iron ; 

can ba strepg^nedby additions of 
Wd ?^^^dieated, or of powdered coke and 
' plambflgp. - •''/' .. ‘"' *.'; 

The celebratedare made hrom 6 parts fire¬ 
clay, 4 parts black>l^i powdered coke, 3 parts old ground 

crucibles. Anoth^ tnix^nre parts fire-clay, 1 part ground 
gas-coke. 

The materials should be as free from lime as possible, well 
kneaded together, and riowly dried in a kiln. 

When fire-clay is not easily obtainable, as a substitute for it 
steep common clay in hot hydrochloric acid, wash it well with hot 
water, and dry it. 

The/crucibles in most common nse in Birmingham and its 
neighbourhood, as well as in Sheffield,are made of a fire-clay found 
near Stourbridge, which is generally mixed ^h some other sub¬ 
stance, such as powdered coke, in order to lessen its .tendency to 
contract when strongly heated. The followii^ are about tho 
average proportions: 4 parts fire-clay, 2 burnt clay cement, 
1 grouUd coke, 1 gl^onnd pipe-clay. These Stourbridge clay 
crucibles, or casting pots, are .only carefully dried, but not burned 
until required for use, when they are put into the melting furnace 
first with the mouth' dovmward, and when red-hot are taken out, 
and put in again, with the mouth upward. 

The melUpg p^!^r crucibles employed by Mnsbet in the 
manufacture Of cast st^ W bt^ogsneous metal, were made by 
mixing kaolin or chi^lmy with black or grey fire-clay from the 
coal measures, and. ^ ^^flriised old pots, the clays being passed 
through riddles having 64 to 100 meshw to the square inch. The 
proportions used by Mushet are 5 parts by measure fire-clay, 
5 parts kaolin, 1 part old pot, aod pjrts of coke-dust; the 
ingredients being well mix^, and'kneaded, tempered, and 
inoulded in the usual way. 

material frotn which the m<^ refractory crucibles are now 


made^ki 
aa^Od'hy: 


black-lead, Tbfo l| <m.e of .the various forms 
in its pure stkfo is: nearly identical in 
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compositioii witli tlie .alihotigh so Tory different in its 

structure and physical Qliarabtei^. .)$htat a feair years ago the use 
of black-lead or plumbago po^ ^nfined to melters 

of precious metals, bat they are 2 ^.#,^[^a^yed melting all de¬ 
scriptions of metal; and large ntimbem ^ ihapi are nssd by brass- 
founders and others. ^ *;, \ „ 

In making the crucibles, the nmterialS^ iJimsisting of ^bout one 
part Ifire-clay to two parts plumbago, itfe.. ^und to powder 
and sifted, after which they are mixed, the clay being/added to 
give a sufficient degree of coherence and plasticity. 

The advantage claimed for plumbago crucibles is that they are 
durable, and that they effect a great saving of time, labour, and 
fuel ; but on the other hand, an objection to black-lead pots, inde- 
]a*iident bf their cost, is that they are unsafe for the workmen. A 
clay pot, at steel-melting beat, is as tough almost as leather—it 
may be beaten flat, but cannot be broken ; while a black-lead pot 
rtunains brittle at any heat, and the puller out or the teamer can 
never feel quite sure, in handling a partly wom-ont pot, that it 
limy not be crushed under the pinch of the tongs. 

Krnpp, at his famous Essen factory, nf»es plumlmgo for his 
steel crucibles. Each crucible is only used for one melting, after 
which it is ground up, and used over again for the manufacture of 
new crucibles, with the admixture of a certain proportion of fresh 
plumbago. 

W hen it is necessary to protect a prncible from the corrosive 
action of the material to be melted in it, it tsan he lined with 
charcoal powder, or black-lead. In a small crucible, the powder 


may be made in^ ft paste with a little, gum-water or treacle, and 
rammed into Wopjoible^ihe central;; payity being afterwards 
shaped by a smW^mmer of the d^Ted ’^rm. 

For larger crucibles a mixture a^h^cdte powder, or powder 
of gas-retort carbon, or gas-tar, may ; 

To test crucibles as to power ^rro^Ut ^toxide of 

lead, or a mixture Of protoxiide lead r^d dip^^ of copper, is 
melted in the crudWe. If is,/am; permeated or 

corroded 
it may b 
practice. 


by this mmate, tb a extent after a short time, 

considered of ordinaiy corrosions in 

As a rule^ and corrosion 
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in the proportion of the fineness and regularity of grain, but their 
tendency to crack is increased in the same rate. 

Cornish cracibles are principally used for assaying copper; 
they are made of a clay found in some parte of Cornwall, and tlio 
smaller sizes are capable of resisting sudden alternations of tem¬ 
perature—a h^ality which is probably due to the large proportion 
of silica mixed with the clay; but they are rapidly corroded by 
molted oxide of lead. 

Hessian cmciblcs were formerly employed to a much .greater 
extent in metallurgical (^rations than they are at present. They 
are made principally from a clay found at Gross-Almerode, and in 
their composition resemble very closely the Cornish crucibles. 
The form is triangular, and they are generally packed in nests of 
six, the smaller smes fitting into the larger. These crucil)les aici 
tolerably lasting at, moderate temperatures, but are apt to fuse 
when exposed to very great heat. 

Several kinds of French crucibles are manufactured, some of 
which are of very excellent quality, especially those of HeauCay, 
called the creusets de Paris; and those of Deyeux, termed creusets 
de Saveignies. Both kinds, however, contain a large percmtugo of 
oxide of iron, which renders them objectionable for some purposes. 

London crucibles are of a reddish-brown tint, very close grained, 
and capable of resisting the corrosive action of oxide of lead, but 
liable to crack when suddenly heated. They are made of various 
sizes, from inches up to 8^ inches in height. 

For special ifietallurgical or chemical purposes, crucibles are 
sometimes composed of platinum, lim^ bone-dust, magnesia, pure 
carbon, and other materia-la. , 

Crucibles are made of various forms and sizfApcording to the 
kind of work for which they are intended; thoao^ed for assaying 
are scarcely larger than a ,lady’s thimble, while others made for 
l^izineihg shot will hold as much as 800 lbs. of molten zinc. Some 
' >re nearly eylindvical, others triangular, and others skittle-shaped. 

Fig. 60 sUqws th(^ pot and cover empfloyed in melting steel, 
while Fig. 70 is a common form of crucible for hragfS and the like. 
Small crucibles are generally kiln-hitfut before being used; larger 
crucibles are usually dried gradually in hot stoves. 

Where, the cracibles (or pots^ as ,tbet^«re familiarly termed) are 
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niadu of fire-clay and upon the wor^^ the pot flask, or mould, aud 
ping are commonly of the form aiSWg. T2, The pot mould is of 
cast iron, with two ears oast upon it to lift it by. Its inside is the 
shape of the outside of the pots; it is tutued smooth, and is open 
ut the bottom as welt os the top. There is a loose bottom made to 
fit, but not so small os to pass through ; this has a hole in, the 
centre, tlrree-quarters of an inch in diameter. When in use it 
stands upon a low post firmly fixed in the ground; w|iich also has 
a hole 5 or 6 inches deep in its centre. The plug which forms 
the inside of the pot is of lignum vi^ae; it has an iron centre which 
projects through it about 5 inches, corresponding in size with the 
hole at the bottom of the mould. ^ 

Tlie clay for a stee! pot weiglis about 24 lbs.; it is moulded 
u])ou a strong bench into a short cylinder, and the inside of the 



Fio. 09. Fig. 70. 


mould having been well oilpd, the clay is dropped into it, and the 
plug, also oiled, forced intathe clay, while the projection finds the 
hole ill the loose bottom in the centre of the mould, which guides 
the plug. The plug is driven down 2 or 8 inches by the blows of 
a heavy mallet on the top of the iron head; it is then taken out to 
be oiled again by putting a piece €[i|ip|^d iron through the bole 
in the iron head to lift by, giWng ii al same time a screwing 
motion. It is then driven by the mallet; while the clay, rising up 
between the ping and the mould, reaches the top. The clay is cut'^^ 
even with the top of the mould by passing the knife round be¬ 
tween it and the flask or mould several, times, holding it inclined 
toAvards its centre. Thd mould is now taken and set with its loose 
bottom upon a small post fixed infloor, and the mould gently 
allowed to rest upon ii This pu^h^ up the bottom with the pot 
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ujxm it; j&le iSlled witli a bit of clay, tbe pot is 

finished. the pots at^^Eciently hard to hear handliii* 4 , 

they 9xe plao^ to dry 'ppon rows of shelves against the fines in the 
fomii^ whke ^y remain to days, and before 

nse they anh^ed by ^ing pla^/fro^^vent^ to twenty 
hours ill It special annealing furnace, th^ are taken directly 
flom this and placed for use hot intcf ^ melting furnace. 

Orucible^ are frequently.miwe oi|^a^ potter’s wheel, 

and special machines are also employed ibr the same purpose. One 
of these, T. Y. Morgan’s marine fr)r making either large or small 
crucibles, is illustrated by Fig. 71. The peculiar mechanical 
arrangenfrnt consists in fitting the former, or forming tool em¬ 
ployed in the appaxatns, so that in addition to being capable of 
an np-and-down moyement, the former is free to be moved and 
adjnSted horizontally ds the emcible is beu||[ moulded, and accord¬ 
ing to the required .size or thickness of the crucible. 

When a cmciHe is to be made the frame is pulled down to 
cause the former to entor the plastic material,, which is placed in a 
mould, on a revolying lathe or jigger, as usual, and when th(' 
former reaches the bottom of its course, a catch on one of the 
uprights secures the frame in position. The threaded rod is then 
tnmed, to cause the former to move horizontally, and spread the 
plastic material against the side of tbe mould. Finally, the back 
end of a lever carried on. the tpp of the frame, and free to move 
l)ackward by means of slot or otherwise, is inserted into a hole 
formed for the purpose, and its forward ^d is pressed down by hand, 
so that the; leve^ bears forcibly upon the frame, and prevents all 
vibration or movement of the former. When the crucible is 
finished, the handle is tuin'i^j^b^ng the form^ to the centre of 


the crucible, the lever is, 
released, and the framb; 




Hifrwazd out of its hole, the catch 
, up by'a balance-weight. The 

gelation is then repeated for the, nezt cracihle, and so on. 

In Fig. 71, to the left is a frbt^ i^tai^oa, and fo the right is 
a . section through the line iLA, of Mbrgs^*s apparatus, a is 
the former, or forming tool; it iS fitte^,S^ a blixi h, which is, 
as atated, free to be moved he^^tilly in a frame a 

by spew. a, so^w toking^into, a thread in a 

autTn'i&.h|)iek:..b.; the.eada'^ 


;0Xed nuts 
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on the frame e, and the right*hatid'«^l |fi provided ^iih a handle 
g, which is turned aocordin^ aa block h are le^ 

quired to be moved. The fi^iae %|ii and down in 

slots h formed in two wei:g^^ootint6rbalanced 

by weights I; A;, on ilm end ^ ^ pyjid over pulleys 

and connected to the fkiame,' ,» h a ealc^^on |i^^t to secure 
the frame o in positbn when |heibKtae^:a reached |t^ 



Fio. 71. 7 


0 is the mould into which the plastic niatedal is uid ; this, mould is 
carried on an ordinary lathe or jigger to irhieh'^ ro|a^ motion is 
iiparted as usual V^Jheh the fi»me;^.|Gf ^nght^^ catch », 
and the mould is oan^ to ro^td, the'si^w'^ tnrt^ by its 


handle g, so as to^o4ase |he 
spread the .plastic materl^ Sgaz)^ ]|i 
it has been moved to,the.^en^l|li<w‘;i^ 


»ntally, and 
1 , and when 


s:,jv^}u<^ is/^ulaU‘d by a 















232 


rOUNJDISa AKD CASTING. 


scale on the the haik i^d of a lever carried on the top of 
the frame .and &e^,to move by means of a slot is in- 

,':erted into a hdle^iform^ m ah,; n|pright, and its forward end is 
then pressed down'by the attendant to that this lever bears forcibly 
npon the fimme o^d prevents vibration or movement of the for¬ 
mer. Whm the crucible k finished^ the handle ^ is turned to 
bring the former a io the centoe of "the c^neible^ the lever ^ is 
moved forward oat cf its^l^le^ the (»Ltch;n is feleafted, the frame 
is raised np, and the mbnld Is removed in the ordinary manner ; 
all being thw ready for the next operation. « is a horizontal bar 


fto, 7S. 

nnder the platform and hinged at w, while its front end extends 
to the front of the apparatus, a; is a block on the bar u, and y is 
a collar on the lathe-shaft. When it is required to stop the revo¬ 
lution of the lathe, the attendant moves the bar u on its hinge tv, 
so as to bring the block a against the collar y. s is a horizontal 
bar or guide for thd bar «. 

In the prtotot day the contoimption of crucibles is very large; 
they axe extensivdy emplpy^.;'by ^e brass-founder, the gold and 
silver refiner, the mahufaitnfi^ of cast steel and gun-metal, as well 
as in the melting of zino and copper, in the various operations of the 
enalyidoal chemist, assayer, and in the production of the coinage of 
Vdimsrent countries. 
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CHAPTEB X. 

BLAST, BLOWma EZINES, FANS, AND BLOWENS. 

ti 

It is desirable that the blast for cupolas should be adequate in 
quantity and pressure for the perfect combustion of the fuel, but 
not greatly in excess of what is needed for that purpose ; it should 
be delivered as free from moisture as possible, and in a ped'ectly 
uniform stream. 

The pressure of blast required varies according to the nature of 
the fuel employed; it is seldom that a greater pressure than from 
‘2 to 3 inches of mercury is necessary, and with soft coke a much 
lower pressure will suffice. 

If only for the purpose of supplying perfectly dry air to the 
cupola, it would he advantageous to heat the blast on its way from' 
the blowing engine or fan; but by still further raising the tempera¬ 
ture of the blast by passing it through regenerative lire-brick stoves, 
a considerable economy in fuel would be obtained per ton of iron 
melted, without any deterioration in its quality taking place. 
Blast heated in this manner can be readily brought to a tempera¬ 
ture of 1300° Fabr., or can easily be regulated to any lower 
temperature desired. 

The blast may be obtained by means of either blowing engines, 
fans, or blowers, any one of which answers the purpoM as to quality 
and quantity of air supplied; questions of cost and convenience 
principally govern the selection of the power to he employed. 

Sometimes manganese or other reagents are blown into the 
cupola, when the iron is required for chill castings j it will be 
easier to send these into the cupola by means of the blast cylinder 
than by a fan. 

The supply of blast must be regulated as to miensity of 
pressure and quantity. 

If 'a “ cutting ” blast is employ^ of top high a velocity, it 'will 
blow away a considerable quant^y pf Bmal|^nnburut fuel. 
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too “soft” or feeble, the fuel will 

be buru|^||^6\it doiug ijb duty, nud bF the pressure was allowed to 
fall hel^^^sr^^ amount the fiirUaoe wo’qdd ocnhiume an almost 
ualimt^ inoohni of without at-any part attsdhihg the melting 
point of east mm. 

, The <][uantity blast neeessary for any gi-veh cupola depends 
U^n so many varying and disturbmg dements that experience and 
judgment must be mainly relied upon toestunate it ^ The effects of 
the blast are by no means difSciilt to observe: if there be too small 
a supply, impOTfect combustibh will result; if the supply be too 
large the consumption of fuejl will be increa^, and much of its 
heat will be wast^ being carried away too rapidly through tlio 
cupola. , • ., 

Well-made blast engines with double cylinders and double¬ 
acting blast cyMpdors give much more economical results as to 
useful effect from a given power, than can be obtained with 

the best posmble fan. 

General Morin made some experiments on the duties of fans, 
and in one instance with blu'^t of low pressure driven through long 
passages he found that the useful effect of the fan was less than 
U • 07 of the steam power required to drive it. 

The quality of the iron is much influenced by the quantity and 
intensity of the blast; if these or either of them are deficient, an 
inferior pig iron may give off sulphurous fumes, run thick and pasty, 
and make bad or inferior castings, whilst the same iron with more 
favourable conditions as to blast will probably lose much of its 
sulphur in the melting, and when tapped will turn out tolerably 
workable iron. 

Any descriptton of apparains which will give the requisite 
volume and pressure of blast wiith regularity can he adopted without 
in any way affecting the quidity of the iron; but there are 
mumepus other considerations to b^ studied as to the selection of 
ji(ppratas, such as first cosi;,^^nomy in working, power 
leqmred ^ drive, compared with duty in the shf^ of useful blast 
yieldcdj convenience for position, and eafety. 

or waterfall blast msd^ine, sudi as is used in 
France arid ^erattany, is an efficieht blowing machine, but it ife only 
availabifi tvhm there is a j:^^*ihd‘ibtodant flowbf^water, with a 
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considerable fall. JWs source of power is not often found in Eng¬ 
land, hut in other countries it hm been largely applied, although 
the blast obtained by its use is general^ cor^pleiely saturtited with 
moisture, , ' \ ^ 

The tromb is a cheap and shnple a{i|»uatus to construct, and 
when the water supply is satifactory Witt give a good pressure of 
blast. It is tberefoiB wdh adapted for ^ use abroad or in the 
(lolonies, where machine^ ^s costly, aa#it|Vihple apparatus can be 
made of wood, consisting w it does merely Ht a vertical tube, and 
a large separator below in the form of an inverted tub. 

Blowing Engines are noyr luade by many eminent engineering 
firms, and all that is necessary for a proper estimate is infoimaticm 
as to the quantity of air required per minute, and the usual worlcing 
pressure. 

The old-fashioued single blast Cylinder is alia^|||g)er8^ed, on 
account of the difficulty experienced in obtainil(PP^^lar blast, 
altliough this failing may be remedied by having a uregulator or 
rescryoir of sufficient size provided, with a loaded piston. 

Horizontal cylinders, each double-acting, and arranged in pairs, 
are frequently used for the Bessemer process, and give a powerful 
l>last. If well proportioned they are economical, and work quietly 
and steadily. 

Three single-acting cylinders, with a fourth cylinder acting as a 
regulator, also give a uniform and powerful blast, but are more 
cx| eiisive in first cost. 

Blowing engines have this great advantage over fans, that the 
pressure and volume of blast is much more under control; but m 
nearly every case where iliey are employed, it is necepaxy to have 
a " regulator,” so p to ol>hiin a uniform flow tf blasi 

it is advisable |6' have two complete sets of horizontal engines 
and blast cylinder^ disebarging into a large djy regul^, end 
supplied with steam from filers of such strength and capacity 
SIS to be able to give ample high-pressure steim for any work the 
engine can ever be called to perform. 

Such plant is necessarily .pmew|^t ecwiiljr^^^|, in small works, 
or in new works where ' car blowers, 

wnll he genersiUy M than 

blowing engiap. 
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A and B, fig. 73, represent Wo forms of^nimon fans. In 
general consist of a central spindle, np^" ^Lich are bung 
from foxir to six arms, meeting on an eye at the centre^ tbrongh 
i9?bi(^^he asde ii^ pa^ed, and by wbibb they are fixed to the axle. 
Upon each of these arms a blade is generally fixed, by rivets or 
bolia; the assemblage of blades constitute, the propelling agents. 
To render them effectual they are eh(»sed in a round box, adapted 
to them, having a centnsl opening fmdi side, for the admission of 
air, and an opening in the cireumferebce for the expulsion of air, 
with a short passage in continuation, to connect the air-passages 



leading to the furnace. This case should be^||rong and heavy. 
By the rapid revolution of the blades upon tWs axle, a strong 
, current sets in at the centre, and is propelled along the air-passag(‘H 
to the cupola. The journals of the axles should be long, with 


■the view of dispersing the great mnoapt of fricticm to which they 
are subjected, by running in their bearings at such a high velocity 
as is usually conriiuuicated , to the^i^sle.Unless these parts bo 
very well .fitted, and the framewojS. the arms and blades per¬ 
fectly firmly fixed upon ^e Sxie, &e greatest ditli- 


oulty js j 


in parts. 
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It is easy to see that if there be a very £digbt want of eqnilibrinm 
in the machine, or, in other words, if the centre of gravity of the 
moving parts does not lie in the axis of revelation, there will be 
an amount of centrifugal force created during revolution propor¬ 
tional to the eccentricity, which muet he borne by the axle. 

Lloyd’s Fan is shown in vertical section and plan at A and B, 
Fig. 74. The outer "case is cast in four ]^rts, the two upper of 
which are bolted permanently together, and alsb the two lower. 
The horizontal joint through the centre admits of access to the 
int(‘riiai parts without dieturbiiig the foundations. SS are the 
bcjirings, and T the driving pulley. U is the internal revolving 
disc, called the impeller, having sheet-iron discs V T fixed on the 
side edge's of the blades. XX are turned brass rings fixed on ;|he 



discs, and fitted up against cast-iron rings bolted on the outer cas^, 
forming the centre opening "through which the air enteia the fan. 
Y is the discharge|iipe, and Z Z the feet on which the machine 
stands, and by why it is bolted down to the foundations. 

The difference fetweon this fan and those of ordinary construc¬ 
tion consists in the 4brm of the internal part U, which may be 
described as a revolving case, having six curved arms cast in one 
})icce; on these are screwed curved sheet-iron blades, of the form 
shown at A, Fig. 74, on the outer edge of which are fastened the 
sheet-iron discs V V, previously iihcntioned. The total area of the 
openings at the circumference, as also the total sectional area of 
tlio internal passages at any distance from, the centre, is equal to 
the areas of ^ two central (ipeuings in the sides of the outer case. 
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C. Schiele’s Fan has been yery largely employed, and possesses 
a good many ^mirable featnrea It is simple in construction, re¬ 
quires Teiy little to drive it, gives a good volume of draught rela¬ 
tively to its size, and is nearly noiseless in working. Heferriug 
to i’ig, 76, it will be seen that B is an edge view, partly in 
section, and A is a side view with one Side^ the casing removed 
to show the Intexior, with ilie revolving po&bn of the fan in its 
position. 

A is a disc, on the periphery of which blades of the form repre¬ 
sented in the figures are mounted. The blades are supported on 
their backs by m^ns of ribs F, which, with the blades A, spring 
from the penphery of the disc A. This disc, with the blades and 
|^||k stipporting hraekef^ may be constructed even of the largest 



Fig. 75. 


■ dimensiOtis in one solid piece, either by casting or forging. B is 
the spindle, on which the disc A is mount«||^,runs in the bear¬ 
ings (3 ; the spindle being of wrought iron, vB cast-iron bushes; 
these bearings G are cast with and form pm of the casing 1), 
and on the top of each of them an oil'^cup X, to hold oil to 
lubricate the spindle. The radius of the disc A is larger than that 
of the central openings E in the casings D for the admission of air. 
The casing B is formed of two ^halves mmili^ly shaped, but so ns 
to form right and left sides; each of l^ves is a curvilinear 
shape, curving towards the inside,- aud in the, centre having the 
entrance openings £. The blades F are :coim^u^|^f such a 
form, and in stioh proportion to the' cimnig,1l|^p|iey gradually 
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widen from the periphery df the disc to a point beyond the oentral 
openings in the casing. From this point fbey decrease in width 
as the casing narrows, and follow the i^ntonr of the casing; the 
tips of blades F terminating a Eihort distance £co^ the narrowest 
portion of the casing. Beyond the fips of . the blades, the casing 
slightly contracts for a 'short distance that t^e iairi s. slower 
speed, and which has gone beyond the 
returning, and so im|llnging upon then 
The following Table XX. gives a it 
sions and work of these fans, as stated 


Table XX.—PARTIOULAES OF PCHIELE’S 


Diaiufter of 
E«voUlng Fan. 

Ton* Melted 
jier Hoar. 

Pullcj'a, 

iriatnetpr iftiti 
niBcbarg^. 

InchpR 

12 

u 

Incfaea. 

S 

lneb«,' 

6 

](i 

If 

3 

8 

20 


4 

10 

HO 

.'i 

0 

14 

'40 

10 

0 

18 


20 

12 



blades F, m p^y^ted ^m 


1 


m particulaxs^^e dimen- 
by the maV 


At A, Fig. 76, is a cross section of Sturtevant’s fan, and at 
B is a side view, with the (msing removed, of a smaller fan of the 
same construction, but diSerently mounted. It will be seen that 
twelve vanes are rigidly supported by a similar number of spokes, 
radiating from an axis, and having conical annular discs mounted 
on the same axis, the fan being driven by two belts to prevent 
tendency to wobbling. The air enters between the spokes around 
the axis, and is driven forcibly by the curved floats which span tiie 
space bilween tl!^|^^nular discs, being discharged into the. peri- 
])heral chamber, v^nce it reaches the horizontal.^discharge pi|ie 
shown in the lowJ^'part at B, Fig. 7 6. Within each of the band 
pulleys is an oil eolledot winch intetccpla Bnpetflnona oil, and 
conducts it into the oil chaoib^ ,2, whence it may be drawn by a 
faucet. The shaft S is supported in thWlar bearings,, enstamed in 
brackets by means of ball jomts, Wi^^ the hesrings are able 
to accommodate themselves to,.the while in ^vedution. The 

oilers for the shaft are near ,th<^ ■ ^d,; have dripping wicks 

which lubricant m regul^. ^lia^ity ; the oil collectors H 

iuterceJIPIIjllll^ superfluity The set screws ti n 
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afford moans for ^justing the shaflb lengthwise, so as to bring tlio 
wheel to ii» proper position in the cose. Sturtevant’s fan com* 
bines many of the features of both Lloyd’s and Schiele’s machines, 



Figs. 76 and 77. 


its characteristic feature being the very long bearings given lo 
the shaft; and although somewhat complicated in construction, it 
has boon greatly used and deservedly popular in the United States. 

Fig. 78 is a hajf-sectional plan of H. Aland's fan. It is of very 
strong and substantial construction; the vanes are so arranged 
that they act in effect as a double fan. 

The spindles are made of steel, and work in long hearings. Tlio 
^cs also are made of the best charcoal iron. The tremor of the 
strap axis is confined to one casting, by thej;. bearing :||andar(ls 
being cast in one of the lower parts of the fail ^ng. The casing 
is also divided horizontally, so that the upperi^rtion of the case 
may be removed, to facilitate the operation of cleaning, without 
disturbing the foundations. : ' 

In fan machinery, simple as it is, we have oliserved that in 
some instances monthly and eteh weekly. repairs have been in¬ 
curred, in consequence of the wSht of exact balance among the 
parts of the fan upon its a:de. With careful management in the 
first cpn^ruction, this source of annoyance may 1^ entirely re- 
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niovod. Another great fatfllcbi^^ta of injudiei^ metlaods''of 
hriijging up the speed ’* a view to 

which it was <^rtamly. n0oeae^;^^,j^^ tuM of as few intermediate 
shiifts as possible, which w ^^urso a^bgimres that large pulleys shall 
drive proportionally ewUer prdlf^'than if ^e reduction, 

of speed were more moderate.' ,:0n the oth^.^h^il^'.^i|^ 
of many founders proves’sneed hv 

' "■ ''-'i''‘C "a.' 

' , I n . s - '' ' »\ ’ '* 

. 1 .— .j..., ,I v,^. 
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the use of a greater number of intermediate belt pulleydi of 
any importance are not incurred for months and even years. .^-The 
great evil of . too rapidly raising the speed is the aptit3^fe|rf the 
holt to slip upon the drums.;, for when slipping. potmrs/'i^ 
among the slower.v.parts.'olthe.motion,.belt.is“su^ected’ to 
sudden and violet strain^ ^ ita' tm^ual hold- tipbn the 

ylrnm Tho «onaf;V»iS£»a|. things is to 

to give, 
slowei 
conveniently 


rim of the drum. 'The hsuaf- 
a])p]y rosin and pitch to the^, 
a hold. But the hast 
uiiris of the motion, and^. 
large diameters for t^'5^. 

A P^^rly oonstii^tteid 

,■' ■ ■ ' >A<ivsS£ 


■ i?k' lai; iittany years' without 
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any pdroeptiMn^l^v^, Wt in workinlf they fir^uently rndko 
unpieft^t ncAi^ ^pedaHy when 4men ^ high apeeds. 

The podtaon of the fan in it^hase ift proferiabty ecoeutnc. T^o 
cpndntxftUjr-^iheteasing \dndang passage beitreen the tips of ilio 
TSoaea a]ttd1i&|<^test serves to receive the 4ir &om every point ot 
Mhe drcnmferetice of the fan, and pirhdnoes a general accumuktin^ 
stream of air to the exit pipe. Th^^rtidl^ of air having passi 1 
the inlet ,^peoing, and h^ of the vane, woul 1 

refidn t]:^ Bsme chcnlar pa^, tvem* not for the centnfngal ion <> 
of thOifb to its weight and ve^eity) impelling them forw ixl 
towiii|n||^tm'*tip^ of 'ihe vanes ; and ibis oontiimed action is going 
wUowing particle, till they are ultimately tlirowu 
?fen chest, ahd are impelled forward to the exit pi| a. 
It eentrifn^ fiction that the air becomes iiqielkd .ukI 

adiijii^nS^ted general stream. But there is a ccihuu 

vdoiGilll^of ihe %e m the vanes which best snits this action 

*It hes^heen found that the best results are obtained when the 
lindftr velooity of the tips of the vanes is neaily the same the 
vehidty whi<i ^ body will acquire in falling vertically a distaiK c 
equal ^ thejidshl' nf a vertical homogeneous column oi an, tliti 
weight of which, one square inch in section, is the same in etl( ct .ts 
the blast pr^flsttua pw square inch. Thus, by fixing the density or 
pressure of blasti liequired, the linear velocity at the tips oi tho 
vanes is readily obtained by the law pertaining to the velociiu s 
acquired by falling bodies. These results may be verified hy 
closing the diSOhai^ opening, and running the impeller dme at a 
sliced suffidont to maininin the desired pressuie, when it v^ill ho 
found tbdt the tips of the vanes must move with nine-tentlis ot Ihti 
velocity (which is the most effectiiie speed) acquired by a body m 
falhng tbs bdght of a homogeneous column df Cir, the densiiy oi' 
which is equivalent to the dendty or pressure ^ blast reqnned. 

The pressure of the air in the pipe and chest, by tho contmuoiw 
rapid motion of tbe vanes, ma|:|b' ^easuFed by a water oi me r- 
cUrial gauge attached to the hMmei^. ^ 

, Water is 827 4ipic8,h€A|i^y^a.fUir, and mercury is 1.1 1 
beavier thduheavier than air, •so 
jMi a ^Umn of helijmce a column 

oi air li,lM or A jaolumn of 
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rnorcury of iiffli'''on'A8atiAh» 


of i m ;per ■ 
inc^i ill height 
M' 



inch; a columD^ 
square inch. Ij 

gives a presstii^i 
inches of a eplu] 
or density is fg 
inch by 8.' 

The velocity 
tlie rule to fiii|, ti 
feet per second 

by the diameter o^i,l^isMa8t 
by 1 • 209 (the yr6^1i|':ta,.ohiWDf R ei^ics,foot ofj^: 
is equal to the, ceatr||]a|^\fel’C&‘'^;^^ W; sqRf^ 

1" * J J “t >1 '* ■--^* *M ^ ' ’*' ; 

divided by 144* Jlte dj^ 

square inch. 

The degree\-6t^,f^|MW^tp:M^^^^ 

been found" to W6r4i:*^eii^^'^^ W> th%^ x|^;'the'&n; 


increase 




that is, the spaoe^Mween ihete..|^ the 
from three-eighths of aniR|5h ^tthe^porthe;pipiefe|tjte 
pipe to one>tenth of' the . 

dicularly undeir 
The 



ery. 


' ‘ /« ^ * •! "* ^* * "l ' , •■ * ‘ ‘ *1 * 

% " ^**^^100 .feet in length; for 

--'"I'-l'i' M.r. ..‘..s'1* < 


the area of 

greater lengths it^should.hed^J times of tho'lfelivery pipe, 

From experiments made to hstatfeh the best,.;pfbpciriion8 of, 
inlet openings’in the sides of the. &in and ^e 
spending lengths of- vmieiy, it %aa fopM ;t|^t .by.,;^ 
free admission cfi&ttiir^ Si the yfenes-a losso rjg^pned .'- 

It was also fenndj%^t1l;i'^ .longer-’■ *“ ■ - ■ ^ ' ' 

tage over Ihe shpl^fy^^^in 



pow< 


'' seen: 


with the least p 
It will, 

in the economy Qfihpjfeih^iiBii) 
air and the exp^iU^^. 
length Mid, 
openings. . 

The yjlltli of 


of the; 




the 
ion of the 
the inlet 


'ShbnM be one>foufth 


tbe inlet open- 
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mg in the sides of ilie &n casing sboulid be ^-balf of tbc fan. 
'J he Toble XXI. gives the approximate of fans tor 

obtaining the best results^ varying from 3 to 4 feet in djiamett ]. 
The sh ftre the proiwrtions for densities wnging from 3 to G 
lonnees per sqoaro in(^, the second six are ftr ^^ner densities:— 

* 7’A8LB XXt--DTaflSNBIOK8 OF OOMMOlff FANS. 
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Width vf Vans, 
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ih 
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Table XXII. gives particulars of some exporiments math witli 
a lai'go fan used to blow tlie oupoks, &c., at the Lond(»n 
Birmingham, Althougli jn the earlier experiments only 30 to .*)() 
IHir cent, of useful effect was obtained, eventually as much as 7r> H< 
was obtained. No allowance was made for obstruction m the im, 
but the area of the tuyeres was taken, hairing tapper pipes Ic.ulinj 
to tliem, and the velocity of the air, multiplied by thepressnie, 
taken to lepre^ont useful effect in horse-power. < 

A considerable difference in the amount (ff usclul effect wa" 
sometimes produced by Ibc same power, but this arose either lioui 
a dhference in the area ol openings or in tho pressure. When the- 
pressure was great the result was generally affected, it beinu easi< i 
^,get a moderateprossufeaj|ijs than a hjghppe. In all (*.«',( •, 

indicahw figures ifsere iake||Porder to arrive at tfenpower omjdoyi d, 
iiufl figures were also taken lifepamtftly witkwit t)»kn, in order to 
gi‘t at the firictipn ot the eagai3y|g|,jjd‘shafihl^ 



Table XXTl.—EXPEEI3IENTS I^ITH COMMON FANS. 
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hi ix» tlie Lxt( 11 ^ 


Tlie i«a aJritSimetical tie 11 i(?(h 

46iiv«C«|^ t$l^ok3Ait aitd ih« ^ere dediu (d 

from ^ 

fim e^n]d l)d alx 

«. 4!b6 1 ^ 1^ 0^ tils iMsfi Wllil be about double 

the dbMi^sf ^ hi ths the tridtUi jkd be about two 

thirds radios bf thi^ tl|6 bf the blades )^be velocity of fix 
tipeiof ^ btadejs shootd be rattier more thm the velocity due to 
the air at the jireseure re^ttired. say oue-eighth Wre velocity. 

In some oases, two fii^ mounted on one shaft would be moH 
useful than one wide aaefm in eocb an arrangement twice 11 le au i 
of mlet opening is obtained as ooiupaxed with a siugle wide fan ; 
such an arrangement mej be adopted where occasionally half tbo 
full quanta* of sir ib required, ns ojie of them may bf put out of 
g^, thus eating power. ||||: 

If ittjid considered necessary to provide means to iSy the arcn^ 
of admindon ^^the delivery pipe, tliis can be effected by arranging 
a segmental aude to the circular fan casing, as shown in A and J*>, 
Fig. 73, wh^ by means of a ratchet and pawl the depth of the 
opening intO^th© delivery pipe can be varied, and the power re¬ 
quired to drive the fan diminished, ^be oir-hbatt may be built 
of brfbkworh, in which case the inside should be cylindrical in 
section, ^|nd the surface covered with a smooth ebat of plaster or 
cement,Tnit iron pipes with well-made joints are'jby far tlie Ix'st. 

The inlet opening on ihe casting of thnUtn should be provided 
with a bell-«haped lip or taper ffange all extending several 
inches outwards; tb^mn^rovs^ent udds ^ the useful effect of tLii 
fan, and tends to reduc4 Aoi^ , >■ 

If n large volume of hla^ it ir^uired at a ^tsod^te speed, this 
can he obtained by emf^ying • $ih ef lavg© ^meter, driven 
a ||U)derate^ed; but mb0b a jh1g^ ptestitTiea, id great velocity, 
is dempd, It 18 nod^mxf ^^drive %0 M Wpidly. 

Is not, advisable to couaferr^ a fan lai^ithan 8 feet in 
4fi4 i^ost e gto sy j^rposes one ^ about 5 feet 
the vanes |^Wpreliiifei>< ' 

which do 
* f ,iis-;the casing, 


Ish^oan only W obtidhail 
not till ih^ oamu^y phudug 
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’* ^ i ti ,!■ » 

Provide ampU apoHitir?^ l 3 ii 0 exit of air«; 

(Void sharp ttMjw or -a»A m*deiw|p>in^ 

.tnd iittiug up the fan atl he .securely fixed 

111 position, BO that they wilj^ ha the great centri* 

instil iotie brought ou thettl whe^ ; as, if 

any part becomes detached dAi^a>^d 

jdobable loss of life will eusue^ * '’»»(* 

Pans, ispocially when large and dtiY^at a high ^peedl^lfeoiild 
1 ( w I lied 111 all round, and ferery precaution adopted tdlfi^id loss 
oi hie, 111 ease of any accident ocouridirig to the Ian )t 

in motion The castings for fans shonid be ipade fltaS 3 tve,vas 
ieiiding to reduce the vibration felt when fens are worked at a 
high s])ie<L ^ 


NotLS ok tbs CONSnnTCTlOK of 1fAK& 

Good F mp ortiom. 

W 

Inlet = ^ diad^eter of fan. 

Blades =s ^ diameter of fan e<ieh way^^ 
Outlet = area of Wades. * 

The area of tuyeres is best when about 

— to blades 

densit y ol bl^t, ozs per b(|liu 

iiTid should not exceed twice thfe area. 

> n o< iTY OP Cini/OM^bipilgSa VbB DipPLiti st' DeNsini». 

\ cl > It) I n 1 (/ttmfbieiHSA. n(n«p <rf Mwt, 

i c t |Hr Second. ’ Oio(> {H^r lnt.ii. 

170 “ 4. •« 41. « 

180 **4 j>» « •• -k i V % t 

1 . 

M «• 1,4 i* •• •• ^ ‘W 

to •* ,. ' 4 * .».••**'* \i 4 V 

2<>0 to 300 feet ^ second is a f<^ cnpolaa. 

i. a > 



A =s area U 
V«>oioeity«f^ ' 

Y\ 

TTuXn 
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'ip ai|t)ait^|!^Gihea. 
seatxtid. 
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Jij find D&nsify to he attained itfith a ^ivea Fan. 


d as diametop of iian in feet. 


©■ 


I2O ^ ^ iJensity of blast in ctinees per indl 

• tah-b xxm 



Quantity of Air, of a given Density, 
ddiver^ hy a Fan. 

» 

TabTiB XXIV.— Total Aiea NozzlcB m Squahj Fict x V(,l» cit> in Foft prr 
Mnmto, comzpondiQg W Dooiaty Tabk) s= Au ddndni lu Ciilu 
F(ot per Minute. 


\ 1 1 (t\ 

lull I Mil te 



84,0-10 

40,000 

49,000 

50,600 

68,200 
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V.ms are less eipensiv© ilk fitsfc cost and repaiis, for a gi\eti 
tlian linw^ng engines; but when hfgh pressuies are re- 
(1, they take somewhat more powfer to d||f/Fe them. In other 
^^ulda, the fan is not an ecohomioal maeMnei in the sense of useful: 


< i]( ot for a certain power; and its ikS^loflfect oi: ** duty *’ decreases , 
>a) idly as the speed is increased fbt of,inclosing the 

1” ‘ blast, ^he power forHi^vhg a fan oi'lABS is geHj^raliy 
1 1 st giUi by a small high-pr^nre engine/ eDiiimuiiioat«4 by a 
h It. 



Fio. 70 . 

•% 

Fig. 79 shows a vertical longitudinal section of a new type of 
fin,* iiifiodueed by Messrs, Hodges and Oo. of London. The 
mdit'i of this new type as compared with the ordinary fan, as 
■^liown by the accompanying diagram, ate due to the novel com- 
Imiation of five different tans arranged 1% pairs. Xt will be seen, 
iioni the direction of arrows, that ths air in the first pigse is drawn 
ab usual through the osniral openings at each side, and hy means 
oi the two outer fans A A is disehar^ into the outer space at £ E, 

* tUttstratcid la Svxnt 19,1896. 
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whence it 19 directed bj jradiftl gftides to centful openings T)D of 
the second B B (smAller tban.%h6 4 4)^ which in turn di^- 

chsrgd the al^ ^ and is again directed as hcfinre to the cc'nti il 
openings B* of tlxe two cen|m isn^ ihcse nltimatelj dischai gmg 
: F, kading to ^ By this arrangement it 

' ^ W]!Q that enoh^ pf fa&e,^iTes the air nndor 

w dne to the.piwiipfSSw Ih &at th^^tal dii- 

•ferentie of pressure tho tiii^ the air enters at A Vtil it is 
disi^harged at F ^ excessive difference talvno^ 

place in &p/aach WcO^^ve pair of which, owing to tin 

gradually S^heasing pressure, has to deal with a smaller volumi 
[I'herefore each pair of Ians in the series is made smalitr and 
smaller towatda ^ centre, as shown. 

The curve A in dia^m shows the maximum pressure obtuinod 
at the different speeds stated on line HL. The most efficunt 
pressures, however, are lower, and ^ould not exceed two-thirds ot 
those 4iOwn on curve A. The curve B is therefore laid down to 
show the Utpst efficient working conditions, with the cubic ieci ol 
aar dischai^^ at diffierf>nt pressuies. 

Curve G idiows the best avetage results obtained when pumpiio' 
or blowing air by means of aiu binary fan. The lelativc valiu ■, 
represented by these curves, along with the vaiious inkb oi dis 
charge in cubic feet per piinute stated, will enablo cumpaiisun 
to he made between'the merits of the new type and thost ot tht 
ordinary fan. The latter older ^jjpe, owmg to the cxcc‘ssi\re slip 
at the required pressures, is ^om adopted tor cupola woik, unless 
in coses where the amount of iron required is small, and the lato 
of melting or high efficiem^ is unimportant. 

The apparatus nPw genPiNllfy adapted fqt cu^la work, as dis¬ 
tinguished from a fan tdofcr, i$ known as a pr^uie blowi 1 
' capable of dealing more mnentdy with large quantities ol .m 
umder pressures varying feom H 26 inches of water, by lodson 
of its posi^ve action. v 

The be^no^n pisssnre hlqwets noV in use are those of tlm 
lUmts*, Bamuelson's and X^ten*s types, ' 

3(1 m a vertical transverse #1^ bf ^ Ordinary blower 
of the Boots* type, from which it ndll he seen that the an is 



ISOQIS' BI^WEIL 


mijK in the dirc< tiou acro-wE F flwana of two 8-sliaped 
ini})( 11(IS, which refYolve eaejb^^l^poil<? 0 ntie, the relatiT'e 
liiovoiueuts being co^troQeid'l^lli^jyjC T^heels GW, 

keyed to each end of driv^n^ ^ earlier machines 

these revolving parts ef wood to 

A'- 
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surfaces by meam 6f a brasb until every portion of those re\ol\er 
surfaces are iu eontact at the pr()per time 

> OOMl'OStlTOV. 


7ctllow «« V Wit 

Plaster of Pdi!iB .4 


*4 •• 


:E[eM|MX; .. 
]3Ia$f6ad 


t «9 *4 ^ •« 


These various substaUces are to be thoroughly uaixed by mcltmg, 
and allowed to cool sufi^iently before application. 

Of coarse there are many other compositions sold which are 
more or less e0ioient With the arrangement referred to. <*veu 
when the wood chosen was ^he heat selected deil, free from 
and thoroughly dried, and the fixing holts made in the mo-'i 
approved manner, it is no nncommon thing to have a bicuklowu 
owing to these fixings becoming loose, resulting in Ihe woothm 
staves jamming up and sending everything inside to piece'?. I'Ik 
slip sometimes becomes excessive, even wilh the composition rc(( n < d 
to, by reason of the changes in shape duo to unequal shrink.ig* 
and alternate swelling of the wood.^ 

The most important development in tho more modem in icluiu s 
is the adoption of revolvers made of cast iron throughout, and lille I 
as proviously to malleable iron shafts. The working &urf.ic(‘'> aio 
planed all over to a proper shape, which enables them to weik 
together with a minimum of clearance; so that a much gre.ili r 
efficiency is obtained, without even the use of tho thick liibiiccuit 
composition referred to, although a little of li is sometimes C(ni- 
sidored an advantage. 

The main bearings, spur gSar, &c., have also had their share of 
attention, so that geuerl^ly^ths l^oots’ blowers now modo are moio 
efiieient and give less trouHe fortgerly. 

As an alternative arraugomeui to that of belt driving, many of 
tli'^se blowers are now driven direct by means of a duplex «’t«am 
engine, having one steam eylinder and piston rod, but with two 
separate connecstiug rods, each of whidi is coupled direct to its own 
barrel-shaft crank pin. It is stUl necessary, however, to retain the 
spur wheel-gearing at both bndft of b3ower, in order that^ the projter 
relative positions of revolvi^ ie maintained, just as when btdi 
driving w adopted. , " 




sAiuuiI jSon’s Btownt. 2.")^^ 

* * < 

111 either oi these arrangoments the blowers should be mounted 
on a i>l.ined cast-iron bcd-plate, whioh^ greater stability than 
when bolted down directly on tbe atonefe!{l|ldationa. 

following Table XXV. fuild^bes some interesting par- 
tioulaiR as to dimensions, work, disohttr^ ptber details 

])uhli&hed by Messrs. 'Cb-waites in latest 

jMittornof Hoots’ blower;— 
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Fig. bl shows a veitic«d cioss section of another or modified 
ioim of the foregoing blower, generally known as Sfimuelson’s 
blower, owing to their being the sole makers in this conntiy. This 
lattei fhsitjn, however, is al-^o Hoots*, and is the^s^lgeet of his 
lulist ])iter.t, the name “ Acme’* being registered as a trade mark 
to {li-,tinguisli itirom the ordinary or olheis of t^e Boots’ type 
inannl.ictnred umler expired patents, ^nd con^pared with which 
latl( i type it is claimed tlmt the new form, as ^own in Fig. 81 , 
conibincs m a higher degree the important etem^tB*<)f simplicity, 
(liii<ibility and efficiency. 

With Hoots’ blowers generally the, gear wheels‘are all of equal 
diuion‘'ions, causing the revolvers to ||f^ve uniformly and in tlie 
diKitions indicated by arrows sh^ljl^i. / * ^SpcIi revolver therefoie 
thaws in and sweeps out* for ev0ry revoljj[ion, twice tlie >oliiino 







V “ fil 

cylinders are caai langes which tie ^d, in order 

that both h&I^ taisijf be bolted doeely together, and as trnly bored 
V «nt as any eMan^, cylinder 

blOwe**'of‘vary m"eiuoii8 conatraction ia that invented by 
‘ 3<i^n Bak^> all Philadcl|ihlar and shown in section in Fig 82 
|t^hl largely employed, both in i^ngland and in Amenea, and lus 
heenSM $ standard macb^i^ fijildjty ttaeu.^It consists, as will 
bo wm from the %Tire, fur¬ 

nished with two ^r Tteime naas ^|elmtoIv throngli 





Ftg, 82: 


position tlir ends are dowelled, 80 tliali Ifrluen the case is removed 
it (an lie returned tojjipositioii witliiout llio base is a bttong 

e I still" faced oil its tipper side^aqdL^^ to the emis of 
llio m<iehine; the drums are each jM||||L xme piece, turned tfbly 
.inc) baliured to ensm^ closeness, same time to render 

llnm sliady ■when Tunning, the^^i^ i% tbe |wo lower diuma 
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extend thjongli&i thmr eDlire'length, ?tnd ere made considerahly 
\vider than^l&^.need^ for the passage of iilie" wings, in order to 
ensure fr^ddjn in action, .and preventdanger of the wings 
elrikaig a^ihst them when entering or . Mvihg ; the wings ot'^j^o 
, een^ off and bol^d they are cast i?i 

. jibe reqniate to ensure the great^i yiren^^ proportion to 
' theiir .weight"As with otiier macMnes. of thk class, the bearings 
in geneiil are made largo, t> seohi4j,^ffinded hearing surface, and 
give the jwirnals such a degree . of strength as to prevent tlicm 
springing, and to overcome rapid wear. To find the amount of 
power to be used with one of these machines, tiie following forjnu].!, 
will be found useful; the quotient will bo tho actual horse-power, 
less the friction of the blower:— 

2 = cubic feet of air delivered per minute. 

P c= pressure in ounces per square inch at blower. 

H.P. as indicated horse-j)ower required. 

. ; , < __ 2P X -003 


Thefoffowing Table XXVl. relates to Baker’s blowers, the sizes 
being those made by the Saville Street Wiindry Company, Shedi.'ld. 
The following particulars ai'e the latest published by tho makers: - 

. Table XX VI.—PABTICULAES OP BAKER’S JiLOWJIBS. 


CiiLlo*' .UVeiBbt 
P'eetof of JI on 


Meltt'd nbim. of 
in Tuia Cupola in 
WT InchfS, 


i I 

No. of ilrotii lu.il; 

Sriiiilis* Dii'iii. ^ I 

"pS;S ‘‘I I'm'::,:' „ T' i *.?'■ 

' Pile. ,GJiiooihini I 

WotlT. 
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With this type of exhauster or blower, althon^'^ ifchere are three 
revolving drums as shown, it is only the top one, with its two 
blades, which is directly effective in pnmpmg or blowing air; the 
u Jper volume, represented by the hjalf annular area A A, above 
the diameter line SS, being swept' dht or discharged twice every 
revolution (once by each blade). The two lower gap rollers simply 
act as stoppers, to ensure that at no part of a revolution is the 
air aljpwed to pass back. In order that the gap in roller R* (at 
present in position to allow of the passage of blade B*) is round 
again in iimo to allow the free passage of blade B®, it must revolve , 
at twice the speed of the top roller. The same thing applies to 
giij) roller so that for each revolution of the top barrel and 
blades tlietwo gap rollers require to make each two revolutioua. 
These ndative speeds of revolving barrels are maintained by meaiis 
of toothed gearetl wheels (shown dotted), and keyed to each shaft; 
tlje sjmr or tooth wheel on the top roller shaft (which is the main 
driver) being twice the diameter of those on the gap roller shafts. 
All three spur wheels are geared so that the direction of revolu¬ 
tion i'or each roller, and the flow of air, will be as indicated by the 
arrows shown. 

Fig. 83 is a longitudinal and transverse vertical section of a 
Pifliii blower, as manufactured by Messrs. Herbert Morris and 
Bastert, iSbeflield, for wliich it is**cla®ed Ibat the slip is con- 
Ki<icrab]y reduced. For comparison stated by the makers 
that the amount of slip, when working against a constant pressure 
of 4 j lbs. per square inch, is less than that for any other blower, 
even wlicu the latter is only working at | lb. per square inch. This 
increa.^c(l efliciency wi^ the Piftin blower is said to be the result 
of increased breadth surfaces in contact, as compared with tho 
narrow breadth or hair-lines of contact in the pnevious examples 
of blowers and all other types in which the surfkces in contact ai'e 
each a part of different bodies feyolving about separate centres. 

In the Piftin blower it will he seenthe thr^ pistons or 
impellers PPP (carried by the dise^pU^ AAA, keyed tp main 
shaft SS) revolve and pass through ah annular space, thh inner 
and outer surfaces of which, formed outer casing 0 C and 

inner sleeve B, are both stationary,, , The contact surfaces of the 
diflerent pistons can vtherefore be piade to any desired breadth 
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!inie or roller necessary to prevent the baclc- 

ward of' its outer revolving surface in contact 

vvith Smfabes^^^ ample breadth, as represented by th(^ 

, breadth of surface between each gap; also the breadth of flatten^ 



89 . 



the so-^ta crescent-shaped (dewe BB, which 
Simotihds m^d encases the ,£alh shaft B S. . 

In the Fifbin blower,;|iA ia the Balter t3rpoof blower referred 
to, the gaj® in the sts^ rollers ^are alteyf^^y exposed to tlu' 
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auction and discliarge aides, of blowers, and sighf. they 

might be supposed to be adding to the capaoi^^y discharging 
the volume of the various gaps. Instead^' however, of being an 
advantage, tlipy are a distinct 80 ur(» of loss of capacity per revo¬ 
lution, as each of these gaps not^ only returns from the discharge 
side full of air, but, what is worse, they return with air at a higher 
])r('Hsure than when exposed to the inlet side; the increa^in the 
volume of air returned, when at the reduced ^pressure bf^inlef, 
corresponds to the loss in pumping capacity thereby. In the 
bh)wer, however, it will he seen that the volume of gas returned at 
discharge pressure is less than that which fills the gap (when ex¬ 
posed to the inlet side) by <he amount of space or displacement 
wliicli talies place when the hollow pistons P P P pass through the 
gap as shown, so that the suggested loss due to the three gaps in 
toj) roller is minimised correspondingly. 

The following Table XXVII., giving the relative speeds, 
c:ii)acities, &c., ns published by the makers, will enable a com¬ 
parison to be made with the previous types of blowers referred to:— 


Tawlb XXVII. 


S|7^. 

Cubic Keot, 
('upiuity 
(H-r Minute 
.it. i lb. 

I'l ensure. 

' 1 

1 1 

1 Inlet auil | 

1 

Sultaliln 
for Si.iitliii’ 
Kirtt*. 

1 For (^ipoiai. 

Polley. 

Otlllel, 

1 DiniiiG'Crs . 
1 111 illCllCH. 

In .Me 
Diiinieter In 
liiclice,, - 

a. ' 

JtolOng 
Wns per 

Iilameter 

in 

Inches. 

SrtndUi 

1 iu 
' Incbce. 

1 

100 

1 

8 

2 

• • 

•• 

6 

n 

‘2 

217 

8i 

3 



7 

2 

al 

ti;i3 

4 , 

5 

! t* 

»• 

8 

n 

4 

4'.>1 

C 

7 

20 to 21 

1 to U 

10 

3 

5 

8S2 

7 , ■ 

13 

21 „ 20 

2 « 2i 

11 

8 

(I 

1012 

8 

' 20 ' 

2fl „ 30 

n,. 4 

13 

4 

7 

l!»4l 

10 

30* 

m „ 86 

4 „ .H 

15 

4| 

8 

2824 

12 

40 . 

.% „ 4fi 

8f 

18 


U 

4024 

18 

CO 

46 „ 48 

8f,.10 

■ '20 

ef 

10 

4!).12 

14 

70 

48 „154. 

M «1S| 

. - 2S 

Cf 

11 

70(50 

18 

• • 

' ' ‘ 


40 
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In the various types of blowim referred to, the immher of 
revolvers is either two or three, ,thib relative movements of which 
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in each exaihjiHw maintained by means of spur gearing, which 
latter has mori^llness work to do in different types. 

Although the difierent makers are aware and give due attention 
to the importance of balancing the various revolvers, it is impos¬ 
sible, apparently, to do away with the excessive noise from such 
maehin^, even when working at their normal speed. This noise 
is duetto the unavoidable clearance and consequent back lash 
between the teeth of the gear wheels and rollers, even if when new 
these wheels could be made perfect. Therefore, to produce a noise¬ 
less blower it would seem necessary to do away with geared wheels 
altogether. , This has already been done in tbo form of the lleales. 
Waller, Gwynne and Donkin types of exhausters or blowers, us 
generally adopted in gas-works lor the lighting of towns and large 
cities. In such applications the object to be obtained is very 
similar to that of the blOwer, viz. to draw the gas so as to produce 
a suction, and discharge it against the accumulated resistances in 
the gas circuit due to the various appliances or processes for puri¬ 
fying the gaa. The pressures to he dealt with are generally in 
excess of those required in cupola practic,e, viz. 2 inches of waier 
suction and 25 to 36 inches of water-gauge pressure oii discliargo 
side. These machines are altogether much more efficient than the 
usual types of blowers, prjeviously referred to, but they are much 
more expensive, owin^^^ the high-class finish and workmanship 
required. - 

Fig.’ 84 shows a transverse section of a new patent improved 
design of exhauster or ^ower of the latter class, manufactured by 
Messrs. E. Jjaidlaw <Sr Son, Engineers and Founders, Glasgow, 
which, ill addition to its being at p^re^nt one of the most efficient 
of the various latter types mentioned, is Ekely also to be adopted 
for producing the blast for cupolas and other similar work, by 
reason of its simplicity, high pumping, capacity and steadiness in 
the flow of air produced, by utilising the inner volume of revolving 
barrel as shown, the latter of. which enables it to give the desired 
quantity of air with tho minimum dimensions as compared witli 
any other positive blower, and that without almost the slightest 
noise, which with the present form of, blowers is so objectionable. 
Tffie present , excessive normal speed'would also be much reduced 
iu this new type of blower. 
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By reference to Pig. 84 it will be seen tbj^this latter type 
consists of a circular outer casing OB, inside of Iroicb au eccentric 
cylinder or barrel B B is made to revolve, carrying round with it 
the three radial blades E B shown, the latter being mounted on 
the central hollow spindle H S. By this means it will be se.en 
that the crescent-shaped area A A A is swept by each of the blades 
during one revolution, so that three times the volume i:epreBented 
by the area AAA multiplied by the length of blades is'di^^ged 



Fio. 84. 


every revolution of the inner barrel. In addition to ibis, by 
utilising the iiiteiior space (represented by aa^hh) of revolving 
barrel, the capacity of this blower is increased from 30 to 50 p(‘r 
cent., according to the size or capacity referred to. In order to 
obtain the latter increase of capacit^i^jie end covers have suitable 
inlet ports IP and outlet ports j(f^, ^d connecting passages 
shown. proportions and vario^vi^pes of these ports are 

specially designed and arranged in r^ation to certain critical })Osi- 
tious of the blades, occurrin:; at regular intervals during each 
revolution; so that in this blower it is minecc-'sary, as in all other 
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Bimilar foims and exbatisiers^ id niaintain the ouior 

surface of re^oH^ barrel in contact \Fitb the inner gnrface of 
casing at tli4 poiiit C S, by reason of which condition it wus pre¬ 
viously absolutely net^ssary to machine the surface of revulvin;; 
barrel all over. It will therefore he seen that in this new typo it 
is quite unnecessary to, machine the surface of revolving barrel, 
unless^ the ends, which are made to run in circular grooves formed 
in t^piud covers as indicated, in order to maintain the bar 
in its proper eccentric, position shown. By the arrangement of 
ports referred to, it is not only unnecessary to machine the outer or 
inner surfaces, but, for the same reason, the barrel surfaces ar(^ 
made to give a positive clearance, so as to avoid the usual friction 
ahng .^e lines of coutact at 08, which latter is necessary in other 
s milar lorms of blowers in order to avoid excessive slip. The slip, 
that is, the loss due to leakage by the return of gas or air from the 
discharge to inlet side, is in this new form entirel|j. prevented by 
the blades, owing to the special arrangement of the ports, wliich 
ensures that, during a complete revolution of the barrel and blades, 
there is no instant at which the inlet and outlet ports can be open 
together. This arrangement also admits of every working part 
being fitted with adjustable packing strips, held out by means of 
suitable spiral -springs, when for high wwking pressures, so that 
slip ma-y be reduced to a minimum. This adjustable ])acking Ciin 
only he adopted partially in any of the other similar forms of 
exhausters or blowers referred to. 


The diagram (Fig. 85) illustrates forcibly what actually takes 
place in the cupcla, showing Jthe operation of the blast in actual 
work when using. Jkker^ ldower^ and l-ke pressure 

with that produced by a fion.' . ‘ 

The irregular, crooked and dotted show five different 


heats taken from a 37-iuch cupola inside t^e' lining, measuring at 
its largest, or at 20 inches above the , tuyeres. Blast given witli a 
Koi l7-leet Baker’s hloworj^jfiiiiugper minute; 
blast pipes cast iron, and pc^^ly sIMfght. 

, The horizontal lines ok ^e dk^rii^ .show preesti|e in ounces 
jjer sqiteire inch, and the vertical'linesof five 
minutes iKicb^ , Op examination of the diagiain it Will be obscrvtjd 
that whenifc|o h’ttst is first put 6n,.fhe,pi:^suie will be somewhere 
near leu uuuCt$, slightly dimiuishifi^. niiuutcs, 
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until the iron commence .to inelt, tjien rapidly increasing in 
pressure until the highest limit is in about an 

Jjour and a quarter after the blast if, oi ^ !^e fuel used was 
the best anthracite lump coal, and ^ilbon was.twp-thirds pig and 
ouc-third sprues, small gates, film of the heat. 

The average amount of power, number of'iM}un^ of iron melted 



p('r pound of coal used, and iron melted per pound of coal, are 
given in the accompanying table :— 

Table XXVIII. 

WOlMv DONE BY ifeJNCU CUPOLA AND BAKER’S BLOWER. 
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*r , ' * ' ’ 

A careful of iihe diagiram roveals ihreral important facts 
to wbioh we„'V«^dv^ll attention:— * ' 

Ist The ev^-v&rying conditions of the furnace as regards tbo 
pressure of blast to produce the results, shown by the unsteadiness 
of the lines. ' ‘ 

2nd. Thai under ordinary circumstances, such a resistance to 
the passage of the air, through the charge in the furnace is 
imposed, as to cause a considerable increase in the pressure of the 
blast; and that if the machine be not capable of answering such 
conditions, there must be a loss in fuel and also in the quality 
and quantity of castings turned out in a given time. 

3rd. Seeing that the highest pressure required is from 20 to 
21 O^iper square inch, it is impolitic to employ a fan whosti 
bigheUpdnty is 16 ozs.; not that pressure is a sine qua non for 
smelting in the cupola, but that, in order to introduce the necessary 
amount of oxygen per pound of fuel, the internal resistances 
should reach such a point as to cause a corresponding iucreaso in 
the density of the air. 

As a mere question of mechanical arrangement, simplicity, and 
economy of power, no thoughtful mind can doubt for a moment 
the advantage of running at a low speed with a positive displace¬ 
ment per revolution, and knowing exactly wbat air is being 
delivered, against the excessively high speeds, with the multiplicity 
of belts; pulleys, shafts, bearings and all the paraphernalia incident 
to the successful working of a fan. 

Blowers should beiset on good solid stone foundations, to which 
they should he held by proper holts, and' care should be taken to 
set them level lengthwise. Too much stress cannot he laid upon 
the necessity of providing iron piping for ^^-air-conducting pipes, 
, and seeing that these, with the shut-Off^Wyes and connections, 
are perfectly tight An escape valve may Be fixed with advantage 
upon the air-pipes, to relieve the-blower from too great an increas(i 
’of pressure of air, caused by the closing (i the shut-off valves while 
the machine is in operation.^ 

It is^to be regretted that no more definite and independent 
information is obtainable with regard to the superiority and rela¬ 
tive advantages of the various pressure blowers in use, and of the 
comparative results obtained by such machines as applied to tho 
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foundry cupola, iihazi tbat issued by their respective manufac- 
tnrers. The subject has not yet received the attention it de¬ 
serves at the hands of the ironfounder in this countiy, nor have 
ilie results been so carefully worked out here as in the United 
Hiates of America, where the conditions of working are somewhat 
difierent. 
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' . PATTENS. 

In order to mould a quautity of melted metal into any desired form 
tw6 tilings are necessary: a model or pattern of tbe required form, 
and a substance, of ^&ient susceptibility apd adhesiveness to 
receive accurately and to retain impressions of that pattern made 
upon it, against the violence of the liquid metal when run into tlie 
space which is thereby formed. The making of patterns is a tiade 
in itsdf, involving in its pursuit the manipulative knowledge of tlio 
turner and joiner, and into the bench details of this trade it is not 
our purpose to enter; but those desirous of studying those details 
would do well to read the capital little treatise of Joshua Ifose. 

Wood is almost universally employed as a material for ffalterns, 
pine or deal and mahogany being the kinds chiefly used. Of these', 
pine is by for tbe most nseful, in consequence of its uniformity 
of substance, freedom from knots, clean and easy working, and 
abundance. Yellow or white pine is particularly good for long and 
nearly flat work; it does not warp much, is not likely to split, 
and is light to handle. It has a flne grain, and is left smooth 
after the tool. It should not roughly used, however; being soft, it 
is easily indented or marked by#,blow qr^# fall, and will be injured 
if placed in situations where it Is subjected to such 

contingencies. ' 

Canadian red pine is harder than the afove, and may well ho 
snl'Jstituted for it, if it is chb^n free foom large knots, and not too 
much impregnated with turpentine. 

White American fir or spruce, is heat for large wheel patterns, 
cspehitt% when they have to he built up and glued together heforfj 
bemg turned in the lathe. It sbohl^ be cut iuto thin slabs, and 
slowly seasoned, when it will nqt be found to split. When tlio 
slabs glued together, the grain of each ^ab should be placed 
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(Ii;i"()nally to that next it. Tlik is a harder wood than yellow pine 
(►r yellow Canadian. 

VVe entirely agree with Rose, the Anoierican machinist, when 
he states that, ** Care taken in its selection will be amply repaid in 
the workshop. When it is straight-grained, the marks left by the 
saw will show an eveii roughness throughont the whole length of 
the plank; and the rougher the appearance, the softer the plank. 
That which is sawn comparatively smooth will be fonnd hard and 
troublesome to work. If the plank has an uneven appearance, 
that is to say, if it is rough in some parts and smooth in others, 
t,li(,‘ grain is crooked. Such timber is k^^n to the ti-ade as 
cat-raced. lu pl%niug it the grain teum ^^f and a nice smooth. 
Hurliico cannot he obtained.” 

]\Ialiogany shrinks but little in drying, and twists and warps 
Irss than any other wood, on which account it is largely used in 
tern-making. Spanish mahogany is considered the best, and 
lldiiduras nest. Africin is inferior, as it alters its shape in drying. 

JMaiiogany docs excellently for small patterns, but its expense 
limits its application to the construction of these. It can be cut 
very clean, and its superior density and closeness of grain render it 
well fitted for nice patterns, such as of bushes for journals, small 
pinions, the teeth of wheels below 1 inch in pitch, and in every case 
of a Muiilar nature in whicli the 'fibres of the wood may he pre- 
s(‘iit<‘d endwise to the surface; whereas in vrqrking fir in this 
iiianncr for minute purposes, it is apt to bo broken away at the 

edges. 

Cherry-tree wood is good for patterns when well seasoned. It 
is used in Germany for making patterns for fine eastings for 
ciihinet work. It is a hipij!(l, close-grained wood, that of the black- 
heart cherry being considered the beat. 

Beech lias an excellent uniform texture, and is much used for 
turnery purposes, keys and cogs of mll^hinery, and fo^ patterns. 

'i eak is a light porous wood, easily worked, and is also strong 
and durable. It is soon seasoned, and being oily does'not injure 
iron. The timber contains a quantity Of silicious matter, which 
is very destructive to edged tools.- best teak comes from 

JMouIitt&in. ! . ’ 

The choice of wood for patfcei!^%Rtoig is governed by the 
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following considerations:—It should be free from knots, close and 
straight grained, with the annual rings not too strongly devolopt'd, 
and not too hard to be easily and neatly worked to the desired 
form. There are several woods which, although admirably adapted 
for pattern-making-in these respects, are still, from their tendency 
to split, only to be used with great cautioivnotably teak and green- 
heart. Patterns made of sycamore, maple, box, oak, and elm 
generally require to be varnished or painted before being placed 
in sand; otherwise, however dry and smooth they may be, they may 
not draw cleanly from the mould. 

We have given but a,short resumS of the leading charac¬ 
teristics of the dit^HEbt kinds of wood used 1^ pattern-makers, 
but if fuller particulars should be required on this topic, the reader 
is recommended to consult vol. i. of Holtzapflbrs ‘Turning and 
klcchanical Manipulation.’ That work contains a very comph'le 
list of British and foreign woods, although comparatively few of 
these are used in pattern-making. 

A more recent work, * Tredgold’s Carpentry by J. T. Hurst/ 
contains information about timber, which will also be found vei y 
serviceable. 

No large foundry ^onld be without sufficient stock of seasoned 
wood for patterns, nor without a properly constiucted room for 
desiccating such timber. 

In a foundry nothing is more wasteful than the employment of 
half-seasoned wood when the patterns are to be of any permanent 
value. Ihey warp, split, and change form, and though still carpal >lo 
of being moulded from, parts intended when cast to go together with 
a minimum of fitting, are found to require a great deal more tlian 
need be, and sometimes cannot be got together at all without iliick 
chipping strips being tacked on to the meeting faces of lL(j 
junctions in the patterns, or perhaps even packing pieces of iron in 
the work itself. The stock ^ fully-seasoned pattern wood should 
not be loft at the mercy of tlie pattern-makers, to cut it up liow 
, and when they like, at their own discretion. Every joiner prefei s to 
work dry wood, which works so much more easily than what is 
unseasoned. Tliere is a desire to employ always a finely-seasoned 
wood, whether necessary or not, and for many large patterns it, is 
not so. When the drawing come from the drawing office, the 
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foroman should direct the pattern-maker as to the timber to be 
c‘mi>loyed, and check the quantity taken off by each man. 

Timber is seasoned by being exposed freely to the air in a dry 
place, protected if possible from the sunshine and high winds. 
'I'lio timber is stacked so as to allpw of the free circulation of air 
amongst it, and should be slightly raised from the ground on stone 
or iron bearers. If the timber is allowed to remain in water for 
a fortnight, the subsequent seasoning and drying is more rapi^; 

Time is tbe best seasoner of timber; bnt space and omer 
economical considerations usually cause founders to abridge the 
time by artiticial seasoning. This is often done by piling the sawn 
])l;uiks into racks provided over the boilers of the engine which 
driv(is the machinery of engineering works. In large works it is 
imicli Siifor to have a proper oven or desiccating kiln specially 
inaile ibr the timber, and heated by the waste heat from some 
boiler or fire. The heat must not be great, and a steady, gentle 
current of dry air is essential. When the wood is quite dry, ii, 
best stacked in r^ks horizontally in the open air, bnt under 
co^er from rain. 

Largejpatterns when quite done with should be taken to pieces, 
jiud the more useful portions of. timber they contain cleaned and 
stacked for use again. Those patterns which are to be preserved 
for future use should be stored in an orderly manner, exposed to 
the open air, but roofed over to keep them dry. 

Wheel patterns occupy a great deal of room, for they must be 
stacked upon tbe flat over each other in piles, only bearing upon 
each other at the eyes of the wheels. They should be placed on 
thc! giound floor, which should he boarded; and in a large mill- 
wrigbl. establishment, where spur and bevel-wheel patterns of 10 
or lo feet diameter are not uncommon, a light overhead traveller 
would with advantage be so arranged as to pick out any pattern 
from any part of^he room. ■:g. 

The upper floor answers well lor all Other classes of patterns. 
The iron and the brass or gun-metal work patterns are usually 
bast classified quite distinctly. But in marine engine and locomo¬ 
tive work it will always be best to place the whole of the patterns 
for the parts of eacti engine together, v^hether they be for iron or 
for brass. Drawings to full size on boards, templates, gauges, and 



270 


POUNDING AND CASTING. 


t , 

tlie lihe tforky are Lest also deposited adjacent to and in 

order with the patterns. ' ; 

Some woods, sach as' oak for instance, liaire such powerful 
capillary attraction that when placed in contact with the mouLiini:; 
sand they rapidly imbibe the moisture from it, and adhere so 
lijrmly to tho face, of the mould, that they cannot be withdrawn 
cleanly and smoothly from it. 

. ijpeal and red cedar are more free from this objection, as Jheir 
pcrahi has much less attraction for moisture, and thus allow tlie 
piittorns to draw with ease from the sand. 

Some of the hardl; woods which are occasionally employed, such 
as ebony and box', have surfaces almost as hard and uiiiibsorbcnt 
as metal. But ther^ are also several hard, close-grained woods, 
which cannot he made to draw clear from, the sand—poplar, 
sycamore, and pear tree, for example. This is unfortunate, as thf'S(‘ 
woods are, in other respects, pleasant to work on. If the snrfaci^s 
of the pattern made from these woods can be left quite frcsli Ironi 
the cut of a keen-edged tool, the difficulty is ^educed, hut if tliev 
have been finished with a file or glass-paper, the grain will be so 
fringed up, that it will be impossible to obtain a clean grecu-^and 
mould from the pattern. 

As a precaution against these defects in the wood, and also as 
a preservative for the patterns, they are usually coated wilh 
varnish, or oil paint, &c. Thus their capillary attraction is 
lessened, and their surfaces made smooth and glossy. There is 
nothing better for this purpose than a moderately hard drying oil 
paint, blackleaded over when ^ry. One mode of coating pattenss 
is to paint tliem vdth a thin coat of oil paint, consisting of red-lejid 
and acetate or sugar of lead. Allow this to dry in a warm room, 
then carefully rub over with sand-paper, and finish with powdered 
chalk; or a thin coat of a less rapidly setting oil paint may l)e 
applied, and the surface fihi^^jwiih pumice-std^ and very fine 
j^ass-paper. Bub well with A Soft cloUa, then put on a coat of 
ijladlsl^ mixed with l)eer, applied with a hard brush. 

When only one or two castings are required from a pattern, 
«tpecially if it should be of an ornamental and delicate character, 
tiiis coating of black-lead and beer may be applied directly to fhe 
naked wood of tho pattern. This plan answers very well whore 
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tlirt wooden pattern is to be employed simply for the production of 
a metallic pattern. But It is certainly desirable that patterns 
which have to be used several times should be painted in oil, more 
especially when they contain joints made in glue. 

Pattern-malicrs mix with their glue some good, thin drying 
linseed oil, in the proportion of about one of oil to four of water. 
'J’he oil is added to the and well stirred in whilst hot. This 
glue is scarcely affected ^ moisture, and makes a strongs sound 
joint, although it does not set hard and glassy, like ordinary glue. 
Jt is, liowever, advisable, even when this glue is used, to protect 
tl'.e pattern from moisture, &c„ by oil paint, if a good, clean mould ^ 
is desired. 

For large, coarse work, a thin coat of common lead-colour oil 
paint, with slight finish of black-lead put on dry, is a cheap and 
simple protection. 

Mallet recommends a paint for wheel patterns as giving ex¬ 
cellent results in the moulds, and a smooth surface on the castings. 

A first coat was applied of a paint made of thin drying oil, 
spirits of turpentine, and pure white-lead mixed with a little 
crystallised acetate of copper. When dry this was smoothed off 
with pumice-stone, then a second very thin coat of the same paint 
was applied, with the addition of a little copal varnish. The 
patterns wore then slowly dried, being carefully watched to see 
iliat no warping occurred.' This paint dried very hard, but after a 
time, when exposed to wear and handling, it would get scratched, 
when it ceased to give such good results as those at first obtained, 
'I’llis defect was partially remedied by rubbing the surfaces over 
with powdered French chalk. 

Some patterns, juade of rather hard wood, such as dry ma¬ 
hogany, will deliver very well if well coated \Aith copal varnish. 

Weak shellac varnish is, also a capital pr 9 tection to patterns; 
it is easily made by dissolving to 2 |)arts by weight of shellac 
in 20 parts methylated spirits. The ingredients take some twenty 
or thirty hours to mix in cold tveather, but the mixing may bo 
(juickened by the vessel containing it being place on a stove or 
other warn^ilace. 

When a pattern is nearly all ccaaposed of one material it is by 
no means difficult to estimate Ihe ijreight of the casting for which 
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it is iatended. A reference to the table of s^iecidc gravities and a 
short rule^of-three sum suflSce to give the approximate weight of 
, the casting *in any desired metal, if the weight of the pattern is 
known. 

If, the pattern is of a simple form, its cubical contents mulli- 
plied by the weight of a cubic inch, or cubic foot of the mefal, 
will give the weight of metal required jja the casting; and this 
is generally the more reliable plan, as rt is quite unafiocted by 
in the specific gravities of the materials used in the 

^ Jt is always necessary to make a good allowance for the excess 
of mur^l in the rising heads, gaits or gats, and the like. 

When a pattern is made up of several different materials, and 
is of a form not easily to be measured for its cubical contents, Die 
usual plan is to weigh each of its component parts before they are 
finally adjusted in position, and the weight of the hard wood, iron 
holts and strays, &c., being noted down, the weight of metal 
required can be arrived at. 


Tablb XXIX.—weight OP CASTINGS. 


A Fhttern weighing 

-1 

Miihogony .. - 

White pine „ 
Yellow pine .. 
Cedar .. .. 

Maple .. 



(iun-nir-Otl 

10 

17*8 

10 

H'.T 
12-i 


Papier-macb6, or plaster of Paris, should always be black- 
leaded over thin, hard, oil paint. Cast-iron patterns should be 
rusted) by any solution which increases the tendency of the metal 
to oxidise. Sal-ammoniac, dilute hydrochloric acid, or common salt 
in water, answer the purpose. Ihe rust must be completely got off 
by the ** scratch-brush ” of wire, before the black-lead is applied. 

All metallic patterns are much improved in theh^ delivery ” 
by being fin'ely "black-leaded.” Prior to the application of the 
plumbago, the surface of brass or gun-metal patterns should bo 
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*■ lotigheTiod,” by leaving them wett^, with a solution of sal- 
ajiimoiiiac. Zinc, solder, or fcyperiBotal, w sucli soft alloys- 
will “take” the blackhead at'6uce;if;,|^e be free from:;.;, 

giviase or dirt. " . v 

To preserve iron patterns from rusting, and to make them 
deliver more (lasily, they bKouM be filiowed to get sligbtly^sty; 
iK'xt, they should be wannal snlBcientlyv^ melt-Wsyrax, wbinh is 
tiK ii rubbed all over them, and nearly removed'; are then to , 
be jiolished wulh a hard brush when cold, ' „ i^vi’ ' 

Tlie following is a list of the different varieties of wood meilt 
suitable for pattern making, with their ,specific gravities:— ^ 


.Speoifle ftraivtty. 

Cork. 

Auiericau pine. .. 

Aiiicrtcau iir .0*42 

Lnrcli .. .. .. 0’34 

Cowrio .. .O'oS 

Kc.l Ilonrlnrus mlar . O'/fe 

JOlm.0r)5 

White pnpliir. Vsiries 0‘31 to O-oS 

Wnih.w .^ „ O--i2to0-5 

Sycamoro.. .. .. ((‘UO 

Li (lie tree.. ..O'iSO 

IViU' live ... U'OU 

Ol.eiTV tree .. .. .. .. 0*71 

jriqile .. .. Wb .. ■ .. .. .. (‘'Te 

A u] lie tree.O'SO 

Alihii' .. .. .4 .O'SO 

Boei'li .4 ■ .4 4. .. .4 ,4 O'S,’) 

llomluniH inoliogany .. .. O'SItol'Oft 

UoswimmI.* 1*03 10 1*3,0 


Cast-iron, brass, zinc, plumber’s solder, gaU'metal, and type- .,f- 
inelal are frequently used, whilst cements, plaster of Paris, wax, 
b*rn>-eotta, papier-m^hd and glaes are occasionally employed in 
]»aUeni making. . ■ . ^ , 

]\biny common worl% su<di as.'ginlaUj^; parts of 
ei diiiary fire-stoves, arelSade to written dimi^nsibns, witljont any 
]);itte,ju being used, as afew'slips bf ^Oi^yto present the margin 
of the casting are arkiiged for the tithe lQ|]Wil a fiat body of sand, 
which is modelled np But in all cases 


w li J O accuracy is required, \^ll-i 


tteJms are-necessary. 


'hhe pattern is a mod^l of, which ,^e,'(:^ting''iij? tc be tbe copy. 
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but is^ Is Dftmelj,ind mould, wbicii 

Vroprese^,.la iollowB must appear on tho 

oc^ng. EadV^ tiiesd' actlo^^ pattern, the 

'file oaafing/is'^^eneS^^^;^^^ in,'different materials, 
of which is subject. ^ ' in size and shape, 

: upon the d^r^^'olTJtetiat w^ch it may be exposed, or 

^ upon change ih^dryuess' or;^^ ^us, from the original 

design or drawir^i^ia m made, most frequently in wood, 

;|^ich is then frai^e^^ to the mould; this wies in materials 
deciding to the Uatnro #0e ^ into which dually the molten 
metal is' ^ured.'-^.v. .yj-s 

In view o£ t^j^-^vt^mst^nces, and certain known properties 
of matermls al^lp^U^I'lempem allowances have to he made 
for shrinkag^i^l^lllScm^^w^ d; follows that patterns have to be 
made differiiig'‘a&^@ly, from fiie size and shape of the casting 
which is to be prpdnced. There are several elements of compli¬ 
cation ; thtis, ^^fiiere must be a slight clearance allowed for 
removing the pattern from the mould in which it is enveloped, the 
hoUowof the mould has to be . slightly larger than the pattern. 
The casting itself contzuots in oopUhg to an extent which is pretty 
welj .(but by ho moans accumt^) .pertained, and'for which a 
regular allowimce,. is made. Tlbus,, in. large, heavy castings, one- 
tenth of an in<di is added to every foM of length in tho pattern, 
which is fouDd in pl^tice snj^cient to allow for the contraction of 
the metal oh coolmg, noml^n^ .as it is with the slight increase in 
the size of the mould oyer |3^e pattern. In small castings, one- 
eighth of an inch ,'^ .t^e<sfo6ti or about one per cent., is sufli- 
'Cient. ' ify ;‘ [■' 

The following remarks ibis point are taken, with the 
accompanying tables, froin Thmh^ on Heat’;— 

^ “The contracti)!! wldeh:.iftalsiex^nenoe in cotding down 
f friUtt their malting poih^i-^^s||^^l^^:iempejatu is very con- 
r mderable, |mbnnting to bar of ensU 

,"^ro'h'8 feet long,‘or with Allowance has 

. fiier^EXre te be made for sizes of the 

;pf_^met4^vBize' 'of^ha*^f|;\Ap4^'^^ of 

■the.,,c^^iug ,is- resT)ective 
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iiiflneuce in determinii^ tfei'-alri^dy 
bliown in Figs, 2, 3, 4,'j]pftJes . T" '' ” '" 


longer than itself, but a patterii 20! 

•1236 X 20 = 2*472 mob 

Table XXX. -OF TFtR OONTBAOTIOif 




oastim—(Box.)-':, 






<^«AiIIO\. 

V 

y 

a 


lrf>nRth of' 






I'ivtiom. 

Total 

Per Foot 




in iiii-faw 



<’nsf-ir«lfc glider.. 

ft. in 



IT? - 


21 8f 

2].V 


•1216 



16 9 

. 2-05 

•)2‘i5 

•12«6 


(iiiD-iiu till bar .. 

.*> 4^ 

J-0 

•18508 

*18h6 

6Iaxiiuiira. 


5 7?« 

•yss 

•16.')3 

• 11)76 

• • 

>9 99 

19 

•97 

•17I» 

•1707 

• • 

99 99 

6 Oi 

1 0 

'11)16 

•1684 

m m 


* 

•92 

•1671 

• KKW 

• « 


9> 

•yo 

•I63r> 

'16 )7 

4 • • 


91 

*ft8 

•1.5‘»8 

’1«{20 


99 99 

11 

•84 

•l.V„*6 

•154.5 

Hfnimnin. 

99 9» 

•9 

• i 

•1697 

•1(K12 

Alrtiit of 8, 

C ’p]i( r and tin j 

c<i)>]>(t, 1 Z;. 

<11,lU .. ..) 






5 

•895 

•1628 

•1615 

Alaximiua 

99 99 

•9 

•880 

*1.595 

•1617 

** 

• 9 *9 

99 

•880 

■1595 

•1617 

* 

a S 

19 99 

91 

•855 

•1.').10 

•1.570 

Minimtha. 

49 99 

>9 

♦ • 

• 15fH 

1612 

Jltai) of 4. 

'V I 11 )W 1)1 ISH 

2 9J 

•5 

‘18U 

■18 .9 

( >p|>n 

7 loi; 

1-54 

1918 

'1980 

Mfnimutti, 

«• •• 

7 ^ 

i*4t;5 

•1972 

•2«05 

• • 

, •• »» 


• • 

‘1972 

.•2099 

Slaxiioiin). 

99 •* 

^ ♦iiw ** 

• 

• IW!4 

*1966 

Mewapf 4. 

L( )d (mould) 

2’« 

*21 

*1050 

*1069 

9 .. 

/uic c.i-it lu iron 

2 ^ 1, 

•455 

•2257 

*2801 

Klnlmam. 

99 »» 

99 

•466 

•21W7' 

*»“W 

*2852 

. Makimnin. 

»* »* 

•• 

•• 

*2SS6 

.. * 

Meato oi 2. 


“ For praetical j^rpoaes one'eig}i1^^|i^ ineh to a foot for cast- 
iron. one-sixth for gmi'inetalf ^/«^pper» and one-fourtl 


tor zinc may be taken a$ sn&oi^i a|p|nitndl»4)dons. 

“ The oontraotion of wheekf k^4nontittloQ« (as is shown bj 

T 2 



FOlJtfDlNO ANl* CASTINa. 


TaMe Kji^€gniftnti€!S iil thea)^I»rent contraction arise 

, In * rapping * the. .pattejcn m the sand, to 

v ^ mke. 'it *an"|’^ay fit and enable it to Tbe i^wii out with facility. 

ill its ^rWfcs w^^th small, heavy whoeds of 
face., In som4 ca^es, .and m. afough hands, the ojisl i ng 
;’pt ,a.’BmaU and heavy pinion;may.',Ije q^uite the full size of Hit* 
wpi^Uern. ; She alkiwanoe to be„nmde is therefore not uniform, hut 
;iAt he '.tir'^arge wheels, where the efihfi 

'''pf napping is. coinparatlyely'einall^ one-tenth of ah inch to a fof)l 
ju^y be ’dfken'mfely., . A wheel b not so free to contract as u 
stiruigM ,mr, and ill any case its;contraction will bo less.” 

r ..‘-X'*. .fVoCtrvilir ■ ' . . 

tABi,R XX^ti^Oll-lyilg^eOJ^TKACTION CASTlN<i srili;- 
■ ' 'tN'CAIST lK01^—(Box.) 


l‘>tmno 
!Ui«neb?r,of ' 
Catling. 


a. hi, < 
,M0 2f •. 

■ 6 

e' u 

' ,r ^ 

A' SA 


'H m 

^ f Hi 



' The amouttthIhtSi'tsm left in the mould is mncL largi r 

in - hand-madp'^eeii-sf^nd nt<^df^vand . also, with large and hc.n y 
patterns, or thofe,^hjh]|. a^^ than in machiiii- 

'made moulds, where the difference ,in pattei n and 

tho easting need be little more than'hhi§<l^S to make np for the 
: contraction’of the metal'on 

.ThoiO being bo many; lisente of-'ocpplication, it is obvious 
/ihat it would be im])ossi^p^.;^ive any. ab^lute rules or formula 
iBulfidiently simple for an qrc|hary skilled .wolrkidkn to easily under- 
ihifinid ;h®d remember, ih; iSp; haftelt^practice, wdien 
' hcai3^ every separate patterh'thkt has to lb. made brings into piny 
different conditions rcq.nmng\a|beiftl arhihgeinenb. It is in the 
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ft—m 

Zl i 


. ^ ‘ «»»>*• 3 ^ > * f 

f . ' ^ ' f ‘ ‘ ’ ^ \ ^ • •'l '* ' * ^ 

correctueas of jadgtn^C *#4 -tlit}, knowleJge of tbo , 
qualities of the various imtenais ..^Ibas^ with, that a good 

jjaitorii maker is valtiable, for ^It^iSii^h J^hoh it ^ necessary?^^ 

r..„ 1 1__1.1_1.3'“-ii-Va'' e __ i_ill 


for him to know can he, and' 


from books, 


\('t by far the most important pbijits -of ;ys;6^kiittajaein|>, those upon 
wiiich the success and.hmnty, ofonly 
imislored by ihn 

e-Kj-erienoe the more in ;4x^dients. aw 'r^ iUbe;^ 

])atli!iii maker, and it is diflficult - to' ovei^Eate‘the saviog both in 
time anfl materials that can be effiscited in a^fouhdrj; where Ihe 
j).(Hern shop is directed'V 


clever, conscientious'Ibreman. 

As jiroving the iiecelS^ for expe,nence in this branch,, may be . 
taken Ihc frequent instances of highly finished drawings Jeing sent 
out c>r tlie drawing offices of some of-the leading engineers to the 
founders, where are cohtetoptnously thrown aside after a, ' 
ii.isfcy glance as impracticable; oi^what is still more frequent, 
slight modification in detail is Suggested, which, without interfering 
with the general design, materially reduces the cost of the work. 

One of the most important points ujxm which success depends 
is i.he allowance to be made for contraction, the extent of whicli, jis 
before mentioned, varies with the shape, size, and material of the 
e.istiug. 

'.rhe allowance is nearly always made by tho workmen in the 
(liiiiensions of length only, although undoubtedly a similar contrac- 
lioii of the metal takes place, to a; somewhat smaller extent, in the 
other dimensions of the casting. 

Jn the majority of cases .where the casting is a complete article 
in itself, perfect aceuKiey is/notimpetatire. ^fheOj^ however, ;the -, 
casting is intended to jte |ixed together with pther portions, to form 
an engine, for instgoSee, !! is necessary trf i4^ou,ld he. true in 
sluqie .xnd dimensions, an4, fmm air^^les. , . 

In cases where mimy c^i^ingSah^ve.tp^-,^^ the same 

mould, the first casting slidnld he Car^hUy eiai^ed, and any little 
errors can then hp retetified in the ,m<iq^>^^ agam pouring. 

T 1 T.l 1. _,13- li.;—'-A. -1... _ 


n/he-managed io 
coats of 


In dry sand or loani moulds t 
a nicely ; where they are too li^ 

clay and black wash; and where,tiileyirjix#*'ton. 
nibbing away some of the 8^dt»r|oam;V|’M;^ - 



CAsr^<i.';. 

• '"‘.^V I-V. ‘ ' ' .'' ■•it'£''’'Vy;< i 

a metal east¬ 
ing S^i^'more durable than 


imw durable than 


tG^, tbb'. 


'which haa been 


in Ii^, i 0 
the moul^rip 


'of. a casting 4 ineliea or 
,,i0tl^’-ahakem the-sand given hy 




'feisiw.lo extract it from the mould. 


In Tet^^ correct size, allowauco 

n1^ 1ia '*vi^4avn - ii... 


should be tbe^^iake of the pattern in tlio 

sand Bic||wa^i^]^|^t^t less than the length required. 

OooS gtuelsb^^ and transparent, and of a light brown 


colour, and to tbl|||»atier-n maker. 

|| Breah and soak it for twelve hours 

'%a8 much hi will qbtfer it, then melt it in a glue-pot, a 
dpuble vessel f. the oii<^ ve^el, which contains simple water, is used, 
that the glue in solution is exposi*d 

av/»aAj9i'^lt^;br4t.iriiiKi nra4-Aw T nf. ii- _ 


cannht ji M water. Let it simmer gently from 

one to two it should be kept covered. Tlio 

'str€^||^,S^-|i^j4^r hsequently exceeds that of the 

BoUd wood ; considered the best woods to 

hold with, gluel^'to the nnd grain of wood must 
be used inuch'moi 5 e,h^]^^^^:^'app |n the length of the grain, 
as the wood ftbsorbsii. by caoillarv attracti(ui. 


as.the wOpd nbsOrbs .^ CC^JSld^lpK 4^ by capillary attracti(»u. 

End-grain giue-}qi^|iey$^i^ as.^yhen the joint is in 

the length 


In making lob 


^planed: very tnie’;.two pieces held 
jdtmiy to&'etheTi and'from bA^wMan flinm 


in Contact must lie 


from between them 


w screw ke^ the pieces in 

K ptoiwr;.position krd. 

'be arranged 






Sb^Jthe danger of 
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fire. I’he oyena are constrUfiW iknble' plates tbronghoRt, 
the pots thereby not steam or 

■water. This ali is secnlity lability of leakage, there 

boiog but one joipt in tbe whole;;^^;i^ithat |a flat one situated 
where the apparatus' is bolted at pie i^ain ehamber 

is one casting. There are^^waBte-'a&'fcm p!|^ each side, 

atid in the front is a coch ibr drawing . The pots 

are of iron, zinc plated ; , the edg^ , being%hL 
joint, prevents any loss of heat in that dir^|i^.'' 5 ,;The.oen^l^ 
ill liold one gallon, and each of the end on^ ba^'^ihird galh^ ' A 


zinc wMter-bucket is also: provided. The ptes»are:;tfiese ovens' can 
stand is GO lb. to an inch-without lealntge, but the steam chamber 
is tested considerably beybhd this, A great innmbeir of these ovens 





Fie. 86. 


te , place of the old forms, which 


are in use, having mostly 
caused damage by leaking 

A small fac^athe is repr^en^ in Fig. '87, ^d is a very com 
plote and 


m 


a^krge proporti<3jfty|1ie^ tnrnihg .The 

little space, and is inpie'^deht'm,^eyi^^^^^|i|^y of face 
work of 16 inches or lathe, the 

operator stands dir^j m as in 

other lathes; tips 'especaally 

where face workjjah^ r Where a con-, 

siderable amount of lathes are 

invaluable; evett’'if.B'dois^;i^-|P|s^^^ all the work 




FOUNDING AND CASTING. 


a great saving arid labour is experienced by having tlicm 

both in xtsei as.^ single ktbe i$; generally at work wben odds and 
.^nds atato be twned. V' 



^ AJl lathes are provided with- ovai^ad rest stands, and 
'other details* ; 

These lathes are also, suited forbahu-|dipnjng^^ metals, 

brass and compnsiiion ^Yprlve8peci4ly.’';, «$'or they arc 
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fitted with a imiversd chiioh • . pie^^ from 4 to 8 inches 

(1 Mineter as ro!juirecl. ‘ 

Fig. 88, shows a |)attem-sh6j‘^plne. made especially for that 
hi ltd of work. At eaA end df a ^ provided a face 

plate and also a floor rest, figure, so 

tiiat even large pieces of 

i'.i-ii plate. , „■ y^v , 

The main framing ik ^ iron, ^laii'ed 
^P'ooves and w^ays to receive the sliding hi^ and ir^fe stands;' ;T^e 
Jaltrr are (piite a new thing, and made very ingenionady, so that.thO 
Vest and slido are hotli fastened hy a single screw in front. 

When noei'ssary, these lathes are fitted with a slide rest, sneh 
I’. v^t 1 icing refpiircd in turning parallel pieces,'and this attachment 
i'l to he r^’commended. ‘ ^ 


Tlif* latlie shown in Fig. 89 is a largo face lathe, and is adapted 
ior ii'ie in all estiiMishments where latge circular patterns are 
'«(['.liicd to bo mado, such as gear for 'waiei'-w'heels, pulleys, and 
111 :; like. Tlie lathes are made to swing to 6 feet diameter on the 
iiisidi) of the rest, when it is in the siiine position as in the figure, 
lint wlieii swung back, it caU he miide to swing a much larger 
<!i!ii!ieter. The rest is on a pivot, which €|||^iea it to he removed 
uiid fitted on at a moment’s notkje; this Is'^'nieful in mounting or 
rotuoving pieces from the lat^-i^d also enables the machine to ho 
n-ed in turning pieces of more ihaji 6 feet in diameter on the back 
}iiid periphery. * ‘ 

I'lie main frame is a single easrang, and the counter-shaft placed 
inside; the spindle is,3| inolio.s in.diameter, and the upright is of 
bra.'^s ; the pulleya are made of wood, to ' avoid the extra vi-eight 
tliiit would be entailed by the use of iron hut tho latter can 
ol’ rourse he used if preferred. Every lathe of this,is provided 
witli three face plates, one stand, and four A floor’stand 

is advised when larger pieces than 6 feel: ’’diapieter are to bo 
turned. , . ■ - 


Fig. 90 illustiatk. a very useful macl^H© recently introduced, 
whifdi has been found very haudy^wheh fixi4 td^hilhifroh, as shown. 
Tl is especially of advantage in s^tKudng, o/'^utting to any angle, 
Iho ends of‘ moderately sissed f^edesj'pf^^wood, suedi. as for instauco 
tile cuds of segments pieces, l^^|ding up circular patterns, ouo 




FUtTM)IMf AM> CVbJLA|IO. 



of wbicli segments^ B S, is in positipn, tlse knife edges A li 
being operated by the righnnid on ie^er handle at H, while 
the other or left bend holds Sid adjusts thi piece of wood to bo 
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Fig. 01 illustr^lpTOe method iUjf applying a recently mtroduud 
leather filletuig. A representa ihe'jpecially piepaied hllet pieces 
as supplied in strips, wid B ehotrti same leathei stiip m bcclion, 



Fio» 


after it bss been pressed hard into the eomert and held in posilion 
by glne^ as is tho cose with wooden fillet pieees, bnt no sprigs an 
reqnireA The advantages pf leather for phrposes stated .lu, 
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that it readily adapts itself to any^pfiigwred eurve, Bo as to produce 
superior work, while the cc«t is.)^ :thiw when stmight fillets of 
wood or lead are used, lead being often adopted for curved parts 
owing to its being easily bent into tbe reqmred ehipe. 

A B and C, Fig. 92, illustrate tli^^dififerent'Muds of metal 
dowel pins now being supplied to ordinary 

wooden pins which are liable, to Well they hold 

loo tightly. With the metal pins shbW this ;i»npot occur,.wbOe 
ui tlie same time they fit more accurately 6nd ^together enable the 




Fig. 92, 



moulder to produ<^ cores quicker and betfe^^^iiiity ramming 
11 }) process in moulding is compl|^ed, the has become 

tightly held in the sand; and requires to hi^^fi^ped vigorously 
before attempting to draw it out, itioi^-toinsiijblts ihoidd being 
as clean and perfect ^ pcfssibl6« ,'j;|9?b in this dircc* 

tion, an iron spike is. soinetinpue»’>lBse)^.W/^., t(:q^^ of 

1.xStill 


l)attern, which latter. 


lias the effect of starting thereby slightly 

widening the mould in SO the pattern 
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' ^ , t • 1 

oomp^tjyely free and easily Tjvitlidrawn. When the paltein is 
large and correspondingly heavy, the amount of hammering neco - 
saiy is very injurious, so that the pattern is destroyed and soon 
becomes useless j to avoid such damaging, malleable iron rapping 
piat«s are fitted to the pattern, and fixed with screw nails as iinli- 
caled at SS in plate D,,T4g. 92, ahd having a hole H to rccMxo 
the^nd of rapping bar. This plate is also provided with a hole 
screwed as shown, the of "screw varying from | inch <o 
inch, to suit the lifting rods illustrated at E, Fig. 92, by means 
oi' which the pattern is, securely held as it is withdrawn from tin' 
iund. ’ 

Wheel patterns are contddered less indispensable,than they oin e 
were, owing to the large introduction of moulding by machinei y ; 
hut, wherever the production of wheel patterns is in large demand, 
as it long must continue in most Colonial foundries, it will be found 
liiglily advantageous to combine with this face lathe, a Vvoll madr 
and accurate dividing plate, by the use of which an enormous Wis sic 
ji^^time on the part of the pattern maker in “ stopping round 
jpith spring dividers, the spaces for the teeth of spur or hc\( l 
wheels, or those fior the ** core-j)rints ” in moi'tise-whetils, imiy b(^ 
avoided. 

Before being every precaution should be tak<?ri to ensure the 
accuracy of a wheel pattern ,-as to its perfectly circular form, shaj^e, 
jind pitch of the teeth, and the central position of the huh, Ac. 
'I'he shape jieeth of somewhj^ls intended for delicate machiiiery. 

where accuracy ;'0f pitch, and noiseless revolution are important, 
is drawn With the utappst. nicety^ but it is obvious that no skill on 
the piirt of the•d^ughteman will make a wheel work “ sweetly,” if 
the jiattern makei* dotis not strictly adhere to the epicycloids or oilier 
curves shown on.,the drawing. 

Besides lathe^ there s}iouli[,- be one or two circular saws, a band¬ 
saw, and a good " general joiner ” macliine. 
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CHAPTER V^ ; V< 

■ 'X'':-' r"'■ 

MATEUIALS trSED IN MOtTLBINft. , 


'I'riK ])riTK‘ipal materials used in the various branches ol moulding 
.‘ltd—sand ol' various hinds, clay, blackening, coal-dUst, and cov?- 
hiiir. 

'I’lio Jiialcrlal ul' which tlie mould is constructed must allow of 
tlic pfissHgo of air and gases which are generated within it at the 
lime of [touring, but must also be of a sufficiently compact nature to 
ivsist il't.' pressure of the liquid metal, and to prevent its exuding 
Uirough the pores. It must be capable of bearing the very high 
tenjjteriluro at wliich iron is poursd without being- uflected by iM-; 
:iit I li. must not be of .'i nature likely to set up any chemical actionv- 
\\i;li ilie molten moLal. It must be easy to part from the casting, 

:i 11 1 must give a clean, smooth surface to it. 

is su[>erior to all other substances as a material for 
forming moulds generally. Per, in the first place, the hot iron has 
no chemical action upon it, though, certainly, it acts upon the 
matters which it is found neci^sary to associate with it, namely,, 
hhickeniug and coal. But, secondly, sand acts well as a conducting 
jiiivliimi for tho tiir expelled from the space filled by the iion, and 
foj- the. other gases generated by the action of tlie heat on the 
hliudvcning and.the coal. And, thirdly, it possess® considerable 
iidhosivciiess when rammed together, sufficieni^f^^deed, to make 
it j'ot>iiii its form against the pressure of tliei melted iron; and, 
inoreoMT. it is easily made to conform itself very accurately W tlie 
surfaiKi of the pattern imbedded in it. , 

Thn locality of many an iraiwytant foundry basbeen determined 
by the proximity of suitable, mpulding knd in large quantities, 
for it is evident, that a ^Ut deal the 'success of the casting 
operations, depends upon the Selection of the proper moulding sand, 
!tiid upon it.s preparation fofcT^.j, 
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to oom 


i ©fetal t|0 be feast—such as for 
difficult it becomes 
m tbe flai^. Cast iron is 
©09t o|l^ ;iQiatats which are 

a special 

V ^tid for use in moulds 

for est irony it ^a^ife magnesia, alumina, 

metallic OJddes,’ cmd proportions of these, 

wiih oc^sasional adixdxtures of bther substances, the quality of the 
sand depends. ' ' : ^ . 

^opo^aou pfj^fea gives a refractory sand, but beyond 
a cer^n percentage tho cohe^on is so much lessened that it is 
difficult to form the sand into a compact mould, as it cracks in dry¬ 
ing, and is not therefore impervious to the liquid metal. 

the magnesia and alumina are useful, as they render the sand 
plastic and cohesive. 

, ^jfeagne^a '% ^ery refractfe^, and cements the sand very tlio- 
l^^hly, so much so, indeed, that if it exists in too large a quantity 
the p<^U3 nature of thp mould will be lost—a result most carefully 
to be avoided,. ' 

■ ■ Alumina, from iii ’tendency to vitrify at high temperatures, is 
ol^ to be avoided in large proportions. 

Metallic'oxides impair the refractory quality of the sand; a 
sand, thfar^^c, which contains more than 4 per cent, should bo 
rejected., L^e) if it fxisfo even td the extent of 1 per cent., is 
equally ol^ectiopalija.; < I] • 

Consequently & princi^l element of a good sand should be 
silica, with a U|bti| 0 'magne©a or alumina. 

Sheffield ^ -is used for lining the Bessemer 

converters, conWiW about: "per cent, of silica, the remaining 
constituents being magm^ and ^umina in nearly eqnal parts. 

-V ; fc^ds for stove-dried moulds haveJle^rally more alumina and 
oxides in thejr composition,^ ' 

* ;■ Tim best u^bUlding sands ^bo occur in tlie 

ooaktoeasures, Itiid in the new red. j but very feir mould¬ 
ing sahds are to be found in .the chains, and also above 

fchesAr;,-.’. 
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The sand of the I^odoidi oadm it aleb among/the finest in the 
country. It is nnivensalj^ empjoyed in the manulactnro of fine 
f/ondfl, as grates, fenders, ahd the Jake. The sand, in the neighbour¬ 
hood of Falldrk is coatraer and more bp^ in the pores, which unfits 
it for suchworJc. It is employei^r —pots and 

kettles, for oxample^s the OTli>}os^ 4|p tjhrough 

the inside iDody of the"^^ ih mbnlding bf ‘ sucfi ; airticies. It 
affords a beautifal smooth ^n to the casiangt from ^ptch iron, 
so remarkable in the’hbHow goods of the Canon Iron Works 
and other ironworks in feling^ires-ali) those of the Saracen 
Iron Works, Milton Iron W^oiks, fflad other well-hnoWn foundi^ 
in and around Glasgow. The Belfast san^ is finer than that 
from Falkirk, and is used principally for fine machinery castings. 
It is also sometimes nsed for facing the moulds of oniamental 
work, to giTe a fine surface. It is, besides, excellent for hollow 
moulding, when it is fixed with the Falkirk sand ’; but it is too 
expensive for general adoption in that way. It is a mixture of a 
very fine adhi|ive sand and one of a more open kind. Derbyshire, 
Shropshire, Lancashire, and Cheshire produce excellent sands. 

As sand from the new red sandstone possesses the ^ality of 
durability, it is generally preferred ; that which has not been long 
exposed to the action of the atmosphere is ^usidered the best, and 
occasionally the softer layers of the red sandstone itself are ground 
up ill the loain-mill, and sifted; sand thus obtained is snppo^ to 
liave a more crystalline textur^,jfehan that dug from the superficial 
sand-pits. ■ 'r\ 'H' ' . " 

In County Down, Irelarfd, they obtain red sands from the 
new red sandstone. Good sands .ore also found in Lanarkshire 
in Scotland. In France the sands, are.obtained from the tertiary 
formations; while in Germany they nee differ^'li^, but princi¬ 
pally red sands from, the new sandstoi^^‘C||br facing-sand, 
they mix fine-grained quartz ; steel 

crucibles, moistened with a little cky^iiSa. f^^bole is ground 
and mixed with anthracite eoaJ-dust 1 Fdjj.;mouid8 for cast steel, 
it is necessary to ma^ a^^gj^ial £^ng infusible quartz sand 

uiia clsy. 'i' * 

Rock sand, hbiyie^ xoek«.:and ftee sand from 

the sea-shore,* tsms,: The former by 
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itself does V0i^Veil for ,shcM:t cores wliich open into the sand of 
the inouldin^j^t both ends, as it contains , a Jiroportion of clay in 
its coto^litiph/which giTes it cohesioii.". But it requires to he 
moderated free sand, to make it , miore open for the botler 
.escape of’the air in its p^res, when used fo^^cotet of considerable 
'length, which, of course are surrqiihded on all sides hy the iron, 
.except at the small portions of -ih^.j^tremities, by .which alone Ibo 
aiir' can dnd ezit. Free s^d is aha) uited alone foif sueh cores, but 
it wants adhesiveness; . it to he tempered with clay-wafci-, 

l^arm, or the refuse p^-piaisemeal,’' h the use of the last, accnracy 
ia^requircd in proportioning it.'first is used in ordinary cases, 
and the barm oiily ip’very particular cases. 

, In selecting sand it is necessary to avoid that which contains 
crystals of gypsum J if it contains salt it must he thoroughly 
washed before use. 

Felspar, chalk, iron pyrites, and coal must also bo carefully 
avoided, 

One great desideratum is, that these sands shoulpnot he liable 
to what is called “burning” m use, when tliey will only do duly 
once wil^ any safety. This defect arises from the crystals in ibo 
sand not being 8uffloien|ly refractory to stand a high tempera I ni c, 
owing to which they break: up into fine dust, whicli, if wetted and 
used again, will set in a close and compact mass, and spoil tbo casting. 

P^ing Semdf as its name itnphos, is used to prevent tbe 
vaiious parts .of a'mould to be afti^Wa^ds separated from adbering 
to each other ;, ithe df,,’:1lihgh:ter colour tlian ordinary 
moulding sand, fine, grain^d^ and uniform in texture, free fjom 
salt mid Qhalky matt6r.(. Eed.^hwcirdii^, tiresh free sand, or blast 
furnace cinder, finely groun^ -he used; in any case tiie 
■' substance used mui^ not be one' that retains moisture. 

MouhUng toT green^hd moulds, as distinguished from 
the^iiatural rock sand referred to/dsuomposed chiefiy of tlio lattcy 
.Vi^ih a jaopoiiion of ground co^’(or <^arcoal) dust added to it 
■ TTieV two materials must be thorotighly!ini,^^i.ri)toughc)ut, and 
’ afterwards maintained in a ,suitabTy.^(^^M>;||^^’fip that tbe sam: 

tiAYe properties 

that V^'imahleit to retain any to it, and 

further, the 
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ffislin" process. In ordinary practice, however, for economical 
rcusoiis, mouMing sand is rarely made np entirely of new rock 
sand and coal-dust as^described, except for those portions of the 
mould next to tlie surfiice 91* the pattern; the latter stronger 
mixture of sand is therefore called facing sand. .The remaining 
space in the moulding box is then filled- up with ordinary black 
sand from the foundry floor, which has already been in use and 
emptied out from the nKraldiug boxes in a somewhat dried condi¬ 
tion. This dried, and, therefore, dusty sand, before it can be used 
again has to be sufficiently watered and thoroughly mixed by 
tui ning overilhd over with a shovel; this mixing operation is 
g(‘11 orally the first thing the moulders have to do in the morning, 
unless it ha'i boon alre^y carried out by labourers during the night ; 
the latter method being’often adopted in the larger foundries in 
order to increase the output, by avoiding the considerable loss of 
moulders’ time in doing essentially labourers’ work. 

Facing sandy for green-sand moulds as already indicated, is 
made up from liew rock sand, with coal-dust added to it. and so 
R])e(iially prepared ea'di day by one man set apart for that purpose. 
For proper mixing, the sand and coal-dust in the first place are 
laid on top of each other in alternate layers so as to form a mound, 
the size of which will, of course, depend on the amount of facing 
sand required. The man referred to then makes a vertical cut 
tlirough the mound of sand and coal-dust; that portion 
mixture separated being turned over once or twice with his i^twel, 
is then thrown into a riddle driven either by belt power or by 
band. \Vheii the sand has thus passed through a su'tuble riddle it 
is considered ready for use. A careful moulder, however, will 
generally pass the facing sand again through a finer hand riddle 
or sieve held ever the pattern; this is esjiecially durable for fine 
or ornamental work. ’ - . 

In nifiking the foregoing sand mixtures is desirable, for 
economical reasons, that the black floor sand be used up as far as 
] ossible in order to reduce the quantity and oonresponding expense 
of now rock sand, the excess of which over the quantity of sand 
usually carted away would'^ltimately lead to an inconvenient 
elenition of the foundry,-flooty leyeV®P*'Jft from the additional 
expense of carting away the cxcea^^^d referred,to. 
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.lie priipoafti^ of carbonaceous matter a^lde^ iu the form of 
facing sand raries, and. wi|I on the quality 

of sand and also on the nature of the which it is applied. 

Ooneralhjf '^feaking, .however, the fcdloitriBg proportions will be 
found ge^ practk^fpr greea-imnd.,mduld famg sand:— 

/■FACtsa SAsn ;\t-' 

' BIms floored . „ ; 10 parts. 

New rock sand (good (piality) .. .. 5 „ 

GcsU-dust. '.#*k, ..1 m 


>1 * 

The proportion: of sand to coal-dust may vary^om 10 to 20 
of sand to 1 of ooal-dnst., , The proportions of 'Wkse mfitcriala 
will, of course, berhetlisi’ and more satisfactory when obtained from 
personal experience and observations from time to time. 

With some kinds of work it may be observed that coal-dust 
in the facing sand has an edect on the casting, similar in ap])c:ir- 
ance to that of cold-short, is due to an excess of gas gencratc'd 
from the coal-dust during the casting process. This effect is 
especially noticeable at the teeth of small spur wheels having m 
fine pitch, by reason of which the teeth are not so well defined as 
k ,desirable, Tq obviate such defects the facing sand should have no 
coal-dust in it; i^elfast red sand being used instead, in something 


like the following proportions:— 

■; w'v" '' ’' ’ ' V ;, Saxd \o. 2. 

' Black door sand, ,' i. . 3 parts. 

^ ‘Eock »nd <s .. ... 8 „ 


Belfasit tqA baud 


2 


ff 


Coal-dust in the sand for g^n-sand* monlls is necessary, in 
order that the moulds may become more porous during tlie casting^ 
process, wbeh.'ll^ sand'-ohd clay (forming ,the binding elements) 
become intense]^-Joated and perfectly desipspted or dried up by 
fciie heat of' the^fiowing mbtal. That portion of the coal-dust 
tvontiguons to Ihe <‘astmg; xmder a chemical change or is 


■ bt^ed out, nec^tating the addition of. cOal^dust to that portion 
.of tliesand mould wt to the pattern, which has again to resist tin; 
direct influence of the liquid mefa|^ contact with it. The sand 
fhi.u 3 l^e^red, as ^eody poir^^dj^ls knqWu aa taping sand. 

fpiegmng^ mixture /faoiiiJ:|s 3 ^SHe* .2^ commonly 
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list'd for monld&ilpiroiig'i^t without the use of other facing j&id; 
wlicu for light'Stings or those JiMide in small hand boxes. This 
snnd is comparatively fine, and; dike , mixtures, becomes 

black by using it over and over a^in; it reqnires renewing,, how¬ 
ever, or strengthening every three ^r four dayi^ bl^^'lhe addition of 
a siiiull quantity of roeh and red;^a^jid,,in^ltliayBi^ as 

that just stated. ' ; ' , V . 

In green-sand moulds, for gun-thetal or brass casting generally, 
the sand used should be entirely free from rock sand, neither should 
coal-dust bo used, as is the ease in green-sand moulds for iron 
castings, IjoeaTise these latter materials, when contained to any 
extent in the brass moulder's sand, will produce castings which are 
very rough and coarse, owing to the coarseness and' nature of the 
sand generally. ■ 

'rhe sand which see:^s to give the best results in green-sand 
inouids for ordinary brass castings is obtained from Belfast. It 
h.is a very fine grain, makes a suifficiently strong mould, which, 
when necessary,' may be patched or dressed with comparative ease. 
Its colour being decidedly red, this sand is easily distinguished from 
any others, and is known in the trade as “Belfast sand.” In 
ordinary practice it is used over and over again, so that it becomes 
even finer in the grain and more- suitable for certain kinds of cast¬ 


ings. It is usual, however, to add fresh Band every four c^five 
days, in order to retain the required properties, and at ty||||m 
time make up for the loss whi^ob takes place, by a small pr^|Pdn 
of the sand being carried away on the castings ea^, and 
afterwards removed or cteaued off by , the dresser. ^ 

Rock-sand mixtureff'of the following pTO()drtions are also 
by brass moulders, when for producing thebeaviw;olas8 of castings, 
the moulds for ^ich are dried, the same aa moulds for' 


iron castings. 



Rock senrt (<aew) .. ' ;* ' •• , 1 part. 

Itock sand (previousljr aaed jta dry-aaod moolda) 8 parts. 

Cores for brass oastiugs* y?ni^ dried, are often 

made from the foregoing wooden saw¬ 
dust mixed throughout, the the core more 


porous, so that the gaseB may casting. 

U aSi 
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iifelfiist rei^ Ettind, witli the addition of 4iife also used for 

the very siual,| bores. In the brass foundry thel^ are also dried 
before nsing- ' 

. tionddh Sand, of a white or yellowish colour, is sometimes used 
in Scotland, esjifc^ly in the east or Edinburgh districts, instead 
' of the Belfast red sand referred to. 

.' The sand mixtures used, for making moulds, which are subse¬ 
quently dried^in stoves previous to the casting process, are of a very 
diffeient nature and quality from those used for green-sand moulds 
just referred to; and therefore require different treatment in the 
hands of the moulder, the special knowledge of which constitutes 
what is known in the fande as a “ dry-sand moulder.” 

As in the case of sand mixtures for green-sand moulds, the 
feeing sand in dry-sand moulding is of a stronger quality than 
that used for filling-up‘purposes ; the quality of the latter mixture 
being, of course, less important, and, therefore, made up of loss 
expensive materials. 

The following proportions will be found suitable for dry-sand 
moulds:— 


FiLLiN6-rp Sand. 


Floor sand (previously uswl for dry-sand aioiiMij) 1 pai-t. 

T3rie<l lomo ]M)w«l(‘r(‘d down. 1 „ 

Kock sand (good quality) .. .. 2 parts. 


' ' FAcsii*© Band; 

0ncd Irtana powdered down , .. •• .. 1 j art. 

Bod^ sand (good quality) ... . 2 „ 

The latter, .mixture, it wiir be seen, is the snme as that for 
filling up, except that no. floor sand is Used. In e^tch case the sand 
should be slightly watered, in order that it may work well in the 
flnishing process; . 

* • 1 ” *'i"' ' 

Com SawSi fqr i)ry-9md Mmlds. 

. This sand is usually of strengfih than those mixtures just 
' refotred to, the composition being as follows:— 

' ’ JBoek sand (good quality) .. .. .. .. .. .. 1 part. 

’. . Floor sand, already used and etnptisd from dry-eand) | 

moulding boxes .. .. , „ ■./ ^ ” 

This latteir' mixture is often ttsed in dry-sand moulds for plain 
and ^herwise'^mple casting. not so suitable, however, for 
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iLe fikinning dr sleeking of the bkcking alter the latter is laid on, 
owing to the inferior eohesiye or binding qiality of the sand, whieh 
causes it and the blacking io lift readily and cling to the sleeker or 
trowel, therefore demanding additional, care £rdm the moulder, who 
finds it advisable m most cases to 4>vdr tbe pattern witlr about 1 inch 
in thickness of stronger fadng sand passed, through a hand riddle 
previous to dlling up the remaining space in the moulding box with 
sand of the inferior quality just referred to. 

Strong Clay-water is sometimes added to the already used 
sand emptied from the dry-sand moulding boxes, instead, of adding 
new rock sand as in the mixtures already described. The principal 
object in using clay-water is to reduce the cost of the sand mix¬ 
ture thus produced; the value of which will be more apparent the 
greater quantity of^nd required. The clay-water is usually 
added wlln the sand iil||||wly emptied and still hot. During this 
process it should be well turned over by means of shovels or rakers 
until thoroughly mixed ; after which it should be passed through a 
suitiible riddle. In such a practice it is usually found necessary 
to strengthen or renew this mixture of sand by adding a quantity 
of new rock sand from time to time, and at different periods, Viiry- 
ing according to the requirements and experience of the moulder 
in charge. 

The following composition of clay and sand will 
give a very strong mixture suitable for resisting the 
wash of metal which sometimes takes place, especially at 
parts of a mould:— , 



Floor 8Aud, emptied from dry-sand moulding boxes .. *• 3i>arts. 

Clay, pure, and of good quality .. . .. 1 „ 

llock sand of good quality ... » ..... 3 „ 

A suflScient quantity of water, preferably thickened by means 
of fine clay, is necessarily added during the mixing or grinding 
])rocc8.s in the mill. The completion of this process and quality 
of sand produced is now ascertaiiied’'tjy.wmply taking a handful of 
the sand and compressing it sli)^h|iy. binding properties of 

the mixture are now fairly well indica^d ip.i^n experienced moulder 
by the nature and resistance offeqped lbi)eaking or separating 
the sample into pieces '^^aiSS, r 
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voxjismi^a and castiko . 


Simd for d^^gand^OcK'iilds, it will Imve tjeen seen, »re 

alwaysof blapkingj ooal-dnst. or otber inflain- 
mabie p^shabk by fite the drying process. Such 

rnittvires niust, however, have gii^m, and when thoroughly 
d^ed, be sufficiently open' in to permit 'the free escape 

of tl^ gases generated damig'tbe proce s by the intense 

lieat of the moit(;n nietal. ; 

’ Loo>m. —Aft^ sand, loi^'i® tho founder’s greatmaterial. As wil-li 
fire clays, a chemical analy^'bf a|l loapois and clays should he obtained 
before any large purchases df these materials are made. An experi¬ 
enced moulds will generally be able to form a pretty correct judg¬ 
ment as to tije qualities of, these articles, testing them by observing 
their plasticity Or capacity for taking and retaining impressions. 

The clay generally used is either c^to^us or ie^mgino’is; 
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when it contains a considerable proporlappof sand, tWmixtuio 
is called loam. At a red-heat these sul stances j^art with their cora- 
binevl water; most of the chalky clays fuse at the melting point of 
cast iron, or become vitrified' 

The ferruginous clays, or such as contain alumina and silica, are 
more refractory. Pyrites and limestone are objectionable iu clay oi 
loam, and flinty pebbles should also he removed before the clay is 

£y sho^iid not be allowed to get hard and dry in thij store 
as it. »':mnch more difficult to get it to a proper con- 
F^^forwa^dl.. Xhne and alkalies are to be avoided^ and any 
clay .containing tiiote thAa aiyont 'df per of carbonate of lime 
should be rejected. : ^ ' 

In cases wliere a foundry'^^possesBes its own clay-pit," the clay is 
frequently weather^ ” aeiitm 


winter’s freest, uhtil it ® and mixed ; 

this somewhat facilitates the latfo^r , ' 

. r;. ' Pays which do not contain 'liny sand require to have some 
gipnnd in and mixed with fbem^ requires a 

propoi-tion of sand aAdi^Vfo that the loam may 

' have tlio necessary porosity; the strength of loam, 

and at Abe same tmie tiie qesired porosity, vanoiis otber 

8ub§ta''bc^; 'Jaye -been ’ A moiigst 


<^Oal UJld 
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fr>Zv, horse-dung, straw chaffs fpasUrers hair, Iran and chopped 
tow. These maleriaK, tvhen atlded, must be thoroughly mixed 
Ihroughout, care being taken not to have them cut np or ground 
too fine in the mortar mill, as by doing eO the loam prodaced will 
h,iv<‘ lost much of its binding powejf. 

BhvJc loam, as it is nsnally tetmed, is a oon^paratively cheap 
(inility of having strong binding or cohesive properties, 
which make it suitable ktt various purposes in so-called loam 
moulding, such as for brickwork setting, in which it serves as 
mortar. The iirst coating of loam for round cores, which requir^ 
to he strong, is also made from black loam. final sealing up 
of (rack's and other spaces where metal might a^cape, such as at 
1 o\ partiiigs, d'c. is also done with black loam. When certain 
j)()rtH)ns of the brick building in loam work are likely to be cut or 
^baj)ed afterwards by the moulder, or wheu narrow portions, such 
a- olteu occur in the building of a loam mould or core, the proper 
A ('uting is obtained by building those parts with a comjiaratively 
soit biick mado irum black loam. Tbc^e can readily lie made in 
tbo foundry, of any desired form, by means of spicially made 
^\oo(lea boxes or moulds for the purpose. 

The following composition of black loam will be found to give 
the desired binding properties;— 

Black sand from the jobbing foundiy floor .. 18 pat 

Pure clay, of good quality .. .. .. 1 „ 

Water should be added during llie grinding or milling process, 
iiiiiil it has reached the desiied plastic or loamy condition. 

Burnt core is sometimes used for producing black loam, but 
owing to its hardness the grinding proechs takes mueh longer, and 
it IS therefoie more expensive^ and not so generally adopt^, espe¬ 
cially when sufficient fioor-sand is available: 

Boughing loam is the quality U8ed'^fbr.^tisfr costing the brick¬ 
work of a loam mould br core. It shotild 4 ^^>^OOmpnratively strong, 
3 (t open when dried, for the free escape^ of'Ibe giises formed during 
tlio casting process. The following comjhisitioii gives the dosirei 
properties— ^ ‘ >7'*' t/1* 

SliHrp pt river sand(coeni^.'.^iW U *• lepurru. 

Clay, pure, m« *. •tn-l „ 





Owing lo'tJ^e Amount of clay used, tbe first coating of loam 
shriEkp or contracts considerably by the hejit to which it is (ix- 
posed during first drying. It is, therefoi’e, necessary to re-coat 
the surface, with what is known as second coat or finishing loam. 

Second or finishing eoai of ham, it will be seen, must be of 
a nature ^at shriulm less and does not crack in the drying. The 
proportion of clay is the^fore reduced) and fine sharp siind added 
in the following proportions; 


Fino sliitrp eaud .. .. .. .. 10 piirts. 

Gmrrif, aimrp or river watid .. .. .. .. 4 „ 

Pure cliiy, of good quality . 3 „ 


Still another quality of loam is that used for special work, such 

as when the loam is intended to adhere to the metaP surfaces ot 

{ 

collapsible core-bars,, without the use of straw rope. 'J'hese core¬ 
bars require to be sufficiently heated, in order that the loam may 
adhere properly. This kind of lorn must therefore contain a con¬ 
siderable proportion of clay, as seen by the following composition, 
by reason of which the coating beijomes badly cracked in tho 
drying :r&«<i4tiiig fi^om shrinkage. A second coating of loum is 
therefore required, as in the previous examples. 

/The composition of loam just referred to is as follows:— 


sharp raud or gmvel (from river bods) ,, 2 pints. 

m^ll^urc ciaj^, 6f good quality . 2 „ 

C!!ha6forjidU siuuds .. '.k, ... .. 2 „ 

Y\ , ,, \ . 

’.While it^haf bl^n considered advisable to give the foregoing 
proportions, and materkls used in moulding sand and loam mix¬ 
tures, which ar#, available and considered good practice throughout 
•the Clyde And Lanarkshire district^ it must always ho left for 
each founder to consider for himself what-are the best maierials 
?|ivailable in his partieulat diSfrici, also tho most suitable mixtures 
to. adopt. The proportions j^or the lattef will depend chiefly on the 
Equality of sand and cloy available,, and thf relative cost of these 
materials when delivered into his! works.,,,,. ‘ - 

, t .... • 


The loam mill-men, in ^dilaon ^ u^ihg the various kinds of 
Id^ indicated, Are also such materials 

ae'liheMlmmg:— 

for^settiAjgrfice-hn^A!^ for tbe daily 
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rr pairs to «the onpola lining, or other refractory linings such as 
stove fires, etc. 

Fiif-clay Cpure).. .. • ■ mm . •• 2 phrts. 

liiuckloam.. ... .. 8 „ 

I t , , ' ' ^ 

It is, however, not always,fonn^ eojnomical to mix the fire-clay 
witli black sand as stated; pure fire-day being found the most 
serviceable; in either case^o preparing ahd iidxing up is much 
better accomplished in the pan milL ' : 

♦ Clau mixture, used for making tapping-hole plugs, is also best 
made in tbc pan mill. These plugs must resist tlie heat of molten 
metal without becoming too hard, and at the same time be of such 
a rial lire that they can readily be picked out just as more melted 
metal is required. A good composition.is as follows, all mixed and 
giomul together in the mill:— * 

Mixture eob uarinr TAi>f>iNO-uoU! Pj.ugA 

Piiro cliiy, of iiood quality .. .. 4 parta. 

Miriuriil blacking . .. ,, 2 „ 

Co:il-(Iitst . .. 2 „ 

Fiie-clay (pure). .. . 10 „ 

The annoyance and delay often experienced, owing to the 
dilficiilty of penetrating tliese plugs, is generally due to its having 
become baked excessively /lard by the heat of the molten metal 
against it. This naturally makes the furnace-man, who be 
blamed for such dfelays, very particular as to the compoaitibh <^: 
material for making the plugs which he uses. *, . 

In addition to the special preparations of moulding sand and 
loam referred to in the foregoing, it is necessary, in order to 
produce a gpod clean- surfaced easting; that the face or surface of 
the mould he prepare^ with some <»mbustible substance, such as 
bhn-king, wliich will enable the mould to,better resist the penetrat¬ 
ing ;.cl ion of the hot liquid metal; as where the liqiiid metal is 
allowed to come into direot contact with sand of the mould, a 
portion may combine with the sand^ iof.^fo^" a fusible compound 
(silicate of iron), which enters tHc; spaces or interstices of 

the sand, so as to jield but a rpugh^urfa^d easting. 

In ffreen-saml mouZds, the blapj^'g '% applied in the powdered 
state, by shaking it though ^ porous b^, held over the 

surfaces to be coated. down and 
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bf suitable inetal jleekers, so as ,tj make tlie 

belter to the sand at the 
■4be ^ Vxriea^n bf> ^Mch it will better resist 

■ Ihb w^h of the a portion of the 

byskibg>tto alw^ff carri^iaway by the wash of metal, 

, and befcag Beompai^ive|y Itgh 6 ;i 5 n^nee, it Ultimately gets to the 
):^p or highest parts of ,,thb'?abffl 4 ^^^er^ its presmee will be indi¬ 
cated at the correspoi^ihg by a peculiar surluce 

^ np|)earauoe similar tf> thalyresalting from the use of dull or c , 4 a 
run metal, ibis, Ol coarse, is ol-gectionable in a casting, and to 
avoid itas.mnch as possible, the top parts or highest surfaces of 
green-sand monlds are soaietimes left without a coat of blacking"; 
these parts being often found afterwards to have been suflicieutly 
coated and pi^teet©^%<^,;^e metal by the blacking which gathers 
tlieie ^d'» from other parts of the mould by 

the wash of <lnring tlie casting process. 

.. ..Id loam and^^rjjj-s^d moTildB the blacking is applied in a liquid 
.condition, by ^Inilng it'on with a soft hair brush or swab made 
of loose henip, the. desired density being obtained by the addition 
bf elay or thickodw' "day-water, the usual consistence of wliic'li 
corresponds to thaf ,^f good thick'cream;. Before proceeding to 
. bWking a loam being ^%d.ried, its surlace is nsnally 

wetted finishing and sh eking 

;|pre<^,,,necessai|f^fqr bf good clean and fihiir|>ly 

/defiiM castings'r V .!^ho v^ione^iS^pcs of metal slcekers geneially 
used, aib th^e shown at a, b, <?, 4, etc., Fig. 105, page 

'J he essentid juoperty bf as a protector of the sand 

, fanning the snr^me of.burning 
tendency of the mdtea inflammability, or that 

^ property by reason pf high temperatures 

‘ such as that of molten met^i;jg^ftf^iiyolVi^,lvhic^ if not allowed 
escape too lireely \YiB|iS:lm film or si rat a 

J between-the jneial heat-conflueting 

■property of jwiich ie suihiie^%3^'S.pi^vedV)^ the saiu’ 

''Ude nbh'^t^ductiiig -•- !•<• 


by allowiJBjg drops of li( 
wood, latter 1 

first 


a tniooth surface of 
or disfigured 


18 exemp 



the iron 



•4fthe action of 


forming 
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into fimall spheres ^hich, dart afcbiit wibh the slijghteet movement. 
Tli(! reason (in the case of drops C|f ^nid^ &etfi,l) is partly dtfe to •; 
the immediate production of tie the heat of the 

ailjaccut drop of metal and by cwhidii is supported, eo 

as to prevent direct contact, unl£l d^li>|g^l^has cooled, down 
saflicicutly that it ceases to gen^^ate 

When comparatively hej^vy castings are, ^de itt- gf^n-sand 
moulds, the action of the probhged' hSafe^ wm molten metal, 
may overcome the amount of hlaOking used to form the protecting 
skin, or surface of mould. In such cases it becomes necessary to 
further resist the penetrating and scorching effects of the liquid 
luf'tal hy adding a greater proportion pf coal-dust, and mixing it 
throughout the moulding sand used. 

For heavy castings in dry-snnd or loam moulds, the thickness 
of the blacking or blackwash coating should be correspondingly 
increased, in order that the moulded surfaces in contact with the 
molten metal may he better able to resist the greater scorching 
tendencies resulting from the lengthened period of exposure, due 
U) the comparatively slow rate of cooling when* the casting is of 
eousiderahle thickness, and correspondingly heavy; the sand form¬ 
ing the moulds, and ef^ciully that forming the facings, in such « 
ciih(*s must also be itself of a sufficiently refractory, quality, to 
obtain good results. 

The uso of blacking, although desirable and necessary for fhej^ 
pro'.liiction of good clcan-skinued iron castings, such as are rcquiresl * 
fur machinery and engine work generally, may he dispensed with 
to a considerable extent, or even' entirely, in the production of 


m.\ny other kinds of castings.whicdi are subsequently unseen by 
heiii.g buried in brickwork,'mnsoniy, 0 ? ,,under the ground, and in 
which castings strength is the essential'while the quality 
or tiiicncss of the surface is Of .little "oi so long as 

it is regular in thickness, and solid. 

When castings are re¬ 
quired the quantity is unnecessary 

reiiiicuieut means a cprjrespondih.^itijp^ei:^^ increase in the 


except at thoss parts ..ofbelow the gate* 


holfs or mefRl-rutiuerSv 


flC.wpatich of hlackinir will 
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euable th^ parts better to resist the continued wash action of the 
mefcal it drops from tlje runners, until the metal has filled tho 
mould; without these patches of blacking the mould at tlu sc 
parts becomes scorched, so that pieces of sand are likely to be 
detached therefrom, in wbiclr event such pieces rise to the top of 
the mould and lodge ^ere/producmg what is termed sand lioles 
in the casting, by reason of winch, it may be unfit for use, and bu 
condemned* ' ^ 

The surfaces of such plate castings are generally comparatively 
coarse, owing t6 sand adhering to them; when they are bnisbcd 
pioporly. however, although somewhat more gritty than those of 
castings from moulds having their surfaces carefully prepared witli 
blacking, they are still essentially as good, because they are quite 
as true, regular in thickness, and otherwise perlect throughout. 

' X'' 

JSani) Akd Loam Mixing. 

For the purposes of mixing and grinding of the different kinds 
of loam and sand- mixtures indicated, various types of machines are 
now in Use. 

For sand mixing there are many different forms of riddles, 
begiuniug with the hand riddle for small, quantities, or where 
epe^lly fine sand is required. When a considerable quantity of 
' ssuid is used daily, a very,common type of riddle arranged for belt 
driving is'that shown in Fig. 93, the vertical spindle of wbi<'b 
runs about WO revolutions^per minute, with a corresponding imm- 
ber of oselllataons to the riddle. This machine consists generally 
of two -separate screens,„3 ii^hes apart, each with a surface of from 
8 to 10 square feet, made ,tt|),df:''^ 'i&ch wire so as to form ^ iucb 
square holes, or two mesbfes porinch, and capable of dealing with 
20 to 25 cwt. of sand ; hour, The sand after passing tb rough 
this machine is again passed, through a finer hand riddle of 1 ur 
meshes per inch, when tTahelj^riju.g.ii' to the Wrovys for di^trib^- 
vtion. The finet 'jss of the Bgn4, J|loduced in [this manner will bo 
'Suitable for good gencraLji:»stin^; a still finer riddle being some¬ 
time used at the job if the casting^to be produced is particularly 
intricate or finely ornamental. ' , ' 

With large riddles of the fotegoing^pe the effect of the vibi i- 
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tioiis become excessive—so much so that ultimately the wall fasten* 
iii"s iind even the building itself become loosened and diflficult to ,^ 
ko(;}) in good repair. In such Cases-may be found advisable tci 
adopt a revolving type of iliddifi, sifch as that shown in Fig. 04, by 
wliich all vibrations are entirely ajVpided, and at the same time the 
s.iM(l is mixed and broken ^p cveti .better than by the oscillating 
type shown in Fig. 03. As indicating the rate at which sand can 
he mixed by, and pa^ed. through the revolving type of riddle 



Fie. 93. 


(l^’ig. 91). take, for example, a riddle with a revolving barrel of 
3 feet diameter and 4 feet long, made up o' longitudinal bars ^ inch 
diaiiieter, pitched so as to give a space of f of an inch between 
each, and slightly inclined, as shown, in <^6r to facilitate the 
downward passage of the sand, and pro^l^^stribution of same, 
Witli this machine running at froin 15 etc 20 revolutions per 
minute, 10 cwt. of sand dumped into It through the shoot, passed 
through the riddle bars in one minute, thoroughly mixed. 

It w'ill be seen then that by iCCans of some automatic bucket- 
feed arrangement, such „a^|that shown m b'ig. 94, which is at the 
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same 


.lower lii 


for transferdn^a: and raisdug tbe sand from a 
leTol in regular bu<dtetfuls, oTen a smullor 
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riddle than that referred to is capable of dealing with considorablo 
quantities of sand. Fig. 95 shows another arrangement of re¬ 
volving riddle, consisting of six flat- 
sided screens mounted on cast-iron 
,;^d framing, fitted with shaft for 
&ecli belt drive. 

; speed of revolving riddles, 
it should be noted, is limited, owing 
to the.centrifugal action, by w'hi(;h 
the sand at excessive speeds, would 
:flibg all‘ j^nd the interior, and shoot 
riut in ev^ dilution. 

Ano&er type of revolving sand- 
tCpIng machine having distinctive 
ppipts worthy of consideration ia that shown at and B, Fig. 90. 
rQ lbis.)amchine the mixing centrifugal 

: il^e vel&al; made to revolve 


fopoa ; F6r this purpose 



Ki®, 05 . 
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at a considerable speed, the power for i3 applied by means of 
a l)elt running horizontally over the p&lby P showm The essential 
or mixing portion of this machine of a horizontal disc D D./ 

Loyt^d to the top<^ (^‘lrcrtical:rap^e,.,t^^ being fitted as 
shown with vertiiSikes or piiieS:iii^Bed m,^ncentric circles. 

cover and beTll^ijthed shc^t' B Mjis hingedat H,bo that it can 
he readily thrown ppk ,fo,^ itispfeoribn of the interior. The sand to 
he mixed is thrownTnto the bellinonth^ feeder B M, leading to the 
central portion of the;|iftreJVing dW tl When it reaches the disc 



it takes npthe circular motion, 

_ . n T 


'it acquires centti- 
fni^-al force or energy, and beifig free to move outward, .^he vations, 
articles ure t*u8 m. >e to tajto' uji a dually iaar^ng linear 
velocity, until; wben it hSs mcM ffiejWter ei^ol flte revolving 
lilate D, where the velocity is igreitesfe 
is correspondingly now at its grei^'^— r— 
ho finally dashed and brohen np'agB^tj^^^mrbalar wall C v , 
which arrests its ontwa>d .motic^i^]^|^ iK,*^^^ ^ 

(■•illy through the annular space Mt the 'enter wall O W 

mid the top part of petoW 

jnst referred to » *“* 
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arrangement of’spikes, oir pins sliowny. by means of wbicli the par¬ 
ticles of sand i^O.TOtarded in their outward course, and receive 
thereby of shocks or blows in succ^on, before they reach 

the outer wail CJ W. ” * 

It is^blaimcd that the shnd 
the umnner described are much 
^besive, than by the usual,procrase^ in wjhich the particles are 
mixed by a process more of nature of .r|l(bing the particles 
against each other, and cat»ing iim less rounded at 

their edges. In ord^ to show the in results obtained the 

makers of the machine illustrated in 96 have taken samples 


■i' 4 . ' 


particles hr 
sharper &nd tS 


ip and mixed in 
bfore become more 



\ 'i; ' 

V * ‘ ./.C *' 

of sand after treatm^t iju their machine, as well as after treatn^ent 
in the ordinal riddle. "Both of v’^ese samples when examined 
under a micros^l^ are said lb !p^seut the marked difference in 
appearance illu^^pd at Av^d B, J'ig. 97, in which A represents 
moulder s sand treaj^eht in ^centrifugal machine. Fig. DG: 
B represents the same^nd aftet treatment , in an ordinary riddle, 
such as that shown ibsample represented at A 
indicates that the particles or gans of sand have been broken up 
so ftf to leave the broken edges ^iiaxp, while the ordinary riddling 
ediect reju'^nted at B indicates. that' the, grains of sand have 
merely been nibbed against each othjsi^^ &at they have become 
moi% roundbd i^^jhe various corners ; 
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By the former and newer rnothod' of mixing represented at A 
ilio sand should become finer, stronger or mdre binding, and, at the 
siuue time, more iavourabl^. for the free passage or escape of the 
gases formed during the casting process. / ^ 

In ordinary practice, bowereli*^ {^e' sand; is bftener treated hy 
li'lilliiig, or by grinding in the ordinary p^ iaill, by which latter 
ilio sand in passin^^pugh below the hbavy rollers has its grains 
hiokcn up so that pp^a^ined under the microscope they will 
no ilonht exhibit, to' n'^^CT^^rable extend tdie general shalim^ 
roproseutod at A. ^ ' ?^''v 

Pan mills now in use tiaVe various forms of rollers^ in order'to. 
niprove their efficiency, for the diflerent kinds of materials treated. 



Fig. ys. 


The gearing in some types has been removed from the more 
common overhead position to undemeatli the revolving pan, as 
ilhistraied in Fig. 98. The attendant hy this arrangement is loss 
exposed to danger in the event of the gear breajd'ng down. 

In an ordinary pan mill the rollers should..in chills, as 
in the case of car wheels, in order that they tlie exces¬ 

sive grinding to which they are 8nbject^^:;^i^fflBiQay he cast 
(‘ither hollow or solid according to tho '!’^4i^^^Wred to deal 
])roperly with the suhstanoee treaty, ^ese roQers,on account of 
the excessive wear, should have tlW cehl^ fitted with a liner or 
htisli, their rims also shonld he nfade' i^parate,a8 shown in Fig. 98, 
so that they may be readiljl ,remov^ &iid replaced. For the same 
reason the revolving paiOt ^ prorided ^th a Mso bottom, 
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made in halves, bo that when ivorn too thin it may be riqjlaced by a 
new ono without delay. By mejins of vertical guides on colurana 
at each end of the roller shaft, the rollers, ete., are prevented from 
running round with the revolving pan, while at the same time these 
guides provide for the automatic raisiiig and lowering of the rollers 
from the pan to an extent varying .with the weight of the rollers 
and the hardness of the material being grouA The rollers are 
placed at difieront radial distanced from, the «P|tre of the pan, so 
ihait, as the latter revolves, each roller in a separate patli, and 
th^ are scrapers fixed inside the -pi^whioh inni the contents 
over and over, and direct them towards tho rollers. 

Jn Bomo places separate mills are used for mixing after the 
grinding of the maceriala has l)een performed separately. Tho 
vertical rollers are then replaced by discs having a number of arms 
projecting from their side surfaces, so that as they revolve these 
arms turn the ingredients over and over in the pan, and thoroughly 
mingle them. 

With an ordinary pan or mortar mill of the following dimen¬ 
sions :— 

Revolving pans, 10 feet 0 indies diameter and 14 inches deop. 

Two heavy rollers (solid), each 3 foot 0 inches diameter and 
12 inches broad. 

Speed of revolving pan, Ifi revolutions per minute. 

IJoriaontal shaft carrying the two rollers all free to move in a 
velrtical direction^ in order that they may accommodate tbemsolvcs 
to extreme variations in thickness or hardness of the materials 
under treatment. Two men are capable of charging the day an<l 
sand, also doing the nectary riddling and superintending required 
during the mixing, grinding of the loam, and discharging same at 
the rate of frotg,'2 to 2^ tons (the full capacity of pan) in fiom 
2 to 2j^ hour5,j||^at is approximately an average of ono ton oi 
loam produce^^pff hour during each working hour tbrougliont 
-the day. ' 

Mould eiis’ BLAO|pfG and Plumbago. 

W’’, 

The importance of blacking in the production of good deau 
castings, demands that we should her§ refer in some detail to the 
various kinds of blacking, &c., now in u^ 
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Wood or Charcoal Blacking varies considerably in quality. 
The best, however, is that made fpom tiioroughly carbonised oak. 
To obtain it pure is next to impossible, it being generally mixed 
more or less with other hard wood dbare. Wood blacking, although 
porhaps, the earliest quality of bilking, has how been superseded 
tor certain kinds of works by otliMn^ Owing to the liability of 
wood blacking to become burned, it is less suited for loam^nnd dry- 
Baud moulds, which require to go through the process 5f drying, 
and are, therefore, the fire. Wood blacking, however, 

is still extensively used, e^eisially for greeu-sand moulds. . 

Oak charcoal being exj^nsive, many attempts have been nia^|, ^ 
to substitute other materials for blackening; none of these hayh 
bi'oii very much employed except carbonised peat. A method 
of treating pe:it for this purpose was described by Mr. 0. E. Hall 
in a paper read before the Society of Engineers in 1876, and it 
was tlj(m stated that peat blackening had been used for light and 
licavy castings and cores, with marked success. 

Patent lUaclcing was first introduced about thirty years ago 
by the still well-known Glasgow Patent Moulders’ Blacking Com¬ 
pany; it is essentially pure carbon produced by the distillation of 
]>in:ifHn oil. This quality of blacking is now used for all classes 
of work, including greeu-sand, dry-sand, and loam moulds; also 
moulds f(jr steel, malleable, cast and gun-metal castings, 'i’he 
]?iijiortant pro})erties of this so-called patent blacking Jis compared 
with ordinary blacking, are that it mixes readily, does not scale, 
blister or bum in the drying stov^, even when exposed to un¬ 
usually high heats. Along with these it will he found that less 
jutent blacking is necessary to produce good results. 

Mineral Carbon BlatJting is usually produe^ from gas-works 
char, and is, therefbre, a muC||||heaper quality bf. blacking ; it is 
(xtiuisivcly used when a fine skinned casting of so much- 

importance, it is used, also extensively in dry* sand and loam 
moulds, as it is not 30 readily affected by the heat in drying, and, 
tluaefore, gives comparatively good results,. 

Plumbago Blacking^ or as it-i| sometimes called “ black lead,” 
is obtained in Ceylon chiefly. quality must not be con¬ 

founded, however, with the “black lead” or “graphite” used in 
the manufacture of pendls, gra^ polish, &c.; the former is 

, , . ‘-I 'l -ir 9 
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insoluWe iii water, although when finely ground it mixes with 
it really, while the other is perfectly miseiUe in water. Generally 
speaking, plumh^o is only used when it is especially desirable to 
have a finedooking surface on citing; in such cases it is used 
only partially and in conjunelaon with ordinary blacking. For 
green-sand work the mould isj^ekeued in the usual manner, and 
afterwards dasted orer slightly with plumbago. Moulds treated 
in this manner are more easily sleeked, and tlieir surfaces have a 
pronounced metallic lustre which i^'^rtially. imparted to the 
castings. Plumbago is seldom used by itself, and is much more 
!ja^pensivo than cominon blacking. 

Terra Flake is a whitish powder derived principally from the 
mines in Germany and Italy. It is chiefly used for light eastings, 
or where it is dark. 

Steelina is simply a oomposition of “ terra flake ” and “ plum¬ 
bago,” the price of ^ which is correspondingly cheaper than 
plumbago. 

Black Lead or Graphite is sometimes used to make a black 
wash, but this is principally done in the production of steel (list¬ 
ings and ingot moulds. 

Coke-dvst is produced from ground foundry coke, and serve s 
as a cheap form of blacking, principally used in England. 

. Many other fomm of blacking might be referred to, bat 
generally speaking, all of them are simply variations in the 
comhmation of the difterent materials mentioned. 

Coal dud is manufactured from coal, ground in different grades 
to suit light and heavy castings in greenTsand; for which purpose 
it is mixed with t^e moulding sand as already detailed, in order 
that it may afterspitfdB, during tlmeasting process, he burned out, 
and the space thus (previously,«foied by the coal) left in the 
sand makes the^tter sufficieniiy-ll^oua for the free escape of tlie 
gases, formed hf the action of the hot metal during the casting 
’ procsesB. Uood coal-dust should therefore burn quickly, and ho 
free from fire-<ilsy, too often pife^ent ; in this manner a compara¬ 
tively good clean skin is obtained on a casting made in a green¬ 
sand mould, 

(hreGum is derived from potab starch,, and has a white or 
yellbwish fiomy appearance^ Jt is brgety h^ . for making simdl 
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cores such as for steam cjlihders, &c., in which it is added to and 
mixed with the sand, and the core ^rodnced thereby to be 

much stiffer and stronger. igum has also a similar effect to 
that produced by coal-dust. Xd ca^ such as’ in moulds, for 
rain-water goods, grate metal, dusted <m' in order that 

ihc ordinary blacking may adhefe^lljpii: , 

Compositions for Steel MoidM^ hedes^p^, owing "to the 
f'xcessively hi^ temperature of molten steefi, to resist which 
ordinary moulding sand is quite unsuitable. Xp produce a facing, 
i^and sufficiently infusible or . refractory, quarts is used mited 
some of the more refractory clays, such as siUcious ganistm: 

(ite-clay wash; these are dried, screened, and afterwards mix^ 
wiih a suitablo addition of coal-dust or ground charcoal. The 
U'«uiil watering is, of course, necessary, in order that the mixture 
jiiay have the proper binding property. 

Both charcoal and coal-dust are rather dangerous materials to 
kec]) in store, especially the former, which ignites with> great 
facility in dry weather. It is, therefore, exceedingly adTisable to 
k('ep these combustible materials in a brick or stone vault, away 
from any danger of an accidental spark, or the dropping of ash by 
a careless man smoking a pipe. 



Hay and Stbaw Hopes. 

Whatever doubts there may be regarding some of the physical 
cliangcs said to take place in cast iron, as it cools down from the 
liquid to the solid state, it is a fact well known to founders and 
otiiers, that owing to contraction, a casting is smaller than 

the pattern off which the mould was made. smaller, 

it has already been shown, that owing to vam^idoi^ in the rate oi 
cooling at different parts, the Strains set np sufficient to 

rupture and even split open the ca8ti% a^ci^in points. This 
gives evidence of extraordmary’interUM ; an idea of the 
juiignitude of which is obtained sectional area of fracture 

])r 0(1 need. It is, therefore, one of'the chief considerations in the 
construction of a mould, that at no^ part shall it hinder the free 
contraction of the casting toits norm'|l ^?e.^^yThe parts of a mould 
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requiring special attention in this respect, are the various cores; 
and it is the round cores and othe^ more or less cylindrical, with 
which we are at present more pa^feflikrly interested. 

Jn round or cylindrical cores made with loam, for dry sand and 
loam moulds, the collapsibb j|^i^y already shown to be necessary 
is ebtained by winding hayt|||few rope entirely over the motal 
surface of tho core bar (hay'n^'^ ^emp being used for the siuidlest 
cores), and afterwards, coating, it over with loam to tho desireil size. 
It will at once bo seen that hy such means the finished core is to some 
,,;extent compressible. The collapsible property is, however, assisted 

« rther during the casting process hy the hot liquid metal igniting 
6 gases, also the readily infiamed straw rope: the kttur being 
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often burned out entirely, leaving only the impression of its various 
coils along the inbtrior surface of the skin of the loam. Another 
)r partially cons^l^, the metal coTe bar is more easily withdrawn, 
important feature in the use of straw rope is, that when completely 
‘ To further facilitate the removal of long cylindrical core bars^ tliey 
ire sometimes fitted with mechanism by means of which the sLcll 
forming the core bar is made to coUapro. 

Straw aud hay ropes are usually spun hy hand, and made in 
, lengths of from 20 to 40 yards, and varying in thickness from 
1 mdi* mameter, according to the requirements. 

One expmienced man and boy are capable of taming out 210 
balls (of l-'inoh diame^ rope) in one day of 10 hours, each ball 
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l)('ing made Dp of one rope, me^ring 40 yards Tong: the man 
le(i(liug the straw, while twiiting process by 

lueans of a breast brace, as raHrm Fig. 09. 

Fig. 100 shows the g 0 ti%i^'''&^xangement 6t a machine intro¬ 
duced for the same purpose, by , . of which balls are made 

autouiatically as the rope is sputf^ip/thai the tisnal long floor 
H{)ttce required in spinning by hand is unheceseaiy. Such machines, 
however, arc not in some cases considered of mhi^ advantage, either 
as regards cost, or rate of production, as alter all they require an 
experienced feeder in constant attendance. ' * 



liecontly, specially prepared wood has been introduced as a new 
material iiitenfled to take the place of strayr, in' the production of 
ropes for foumlry purposes. The wood is, in the form of long^^ 
narrow sjiaviugs, alx)ut of an inch broad, and as thin almost as 
jiaper, and is known as “ wood-wool.” The ropes as they are being 
spun are made up into large, cheese-shaped rolls or balls, and in 
juijcticc, owing in a great measure to the regularity of form and 
thickness, they give good results ; so that all that remains to 
insure their success seems to be the cost, and this objection looks 
like being overcome. . . / 
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''[['i Boxes'4|^^ask8. ' 

in i^’ocesBes of green-sand moulding, boxes or 

llay^ are always employed;'tbe imipa^ of whioli is to contain the 
1 sand in wliich the patterh'^^,;(^^5oIded. These boxes are, for c(ni- 
v^icfncG, of varions sizes.be a great or constant {leinand 
for castings of one formi boxes are made expressly for them, 
corresponding in fopa., Bysthis -plsth a saving of labour is eftictcd. 
^as the ramming np of useless comers is avoided. For general 




purposes boxes ai*e;^de rectangular, and in two halves, as shown 
in Fig. 101. Th^iboxes have, neither top nor bottom, but each 
half box, or, more cbrrectly,; each' box is composed of an outside 
jpctangular frame a b, which is generally 3, 4 or 5 inches deep, 
!or the lightc'r flat moulding. They have transverse ribs joining 
the opposite sides at equal distances , of 4 ^ inches between them. 
The object of their being open on the upper and under sides is to 
allow the application of tools for ramming tlie sand in the lox; 
the ribs being at the same time su^cient as holding surfaces for 
the sand, which is formed into a (dose and adh^ve mass by the 
rainnang, and, in a manner, dovetailed into the ^ibs. The rouglu r 
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flioroforc, these boxes can be made the better; they hold the sand 
more (‘fiectually, and acoordipgly, in casting the boxes themselves, 
tiie pntterns for them are laid in the sand on the ground, 

Sind after being rammed areVd'll^n out.. There is no blackening 
used for the surfaces of the moul^hg, ^nd thus the iron enters the 
pores of the sand and roughens. '' 

As there is no covering for the toould, it being exposed to the 
air, this mode of casting is called open sand casting ; the exposed 
burfiice, however, is very irregular and rough, so that this mode of 
casting is used only for moulding boxes, where the roughness is 
virtue, and for articles of a coarse nature. Wooden boxes or lhi8h|| 
aro also in use, but not commonly in large works. In these nlaik 
a.]'o made to project inside to increase the adhesion of the sand, and 
the same plan has been applied to iron boxes, but it is not a good 
01 ) 0 . 

In this two-part box it will be seen that the ribs of the upper 
arc not so deep as the outside frama They are generally an 
incli less deep to allow a depth of sand over the pattern that is 
inihedd* d in the sand of the lower box. The frame of the lower 
liaU' is called the drag, and is the same as that of the upper,. 
! lit tlio ribs are much shorter and thicker, as it is not required to 
I o moved about and inverted like the upper one; besides, it allows 
a much more available depth of space for the moulding of the 
].alt(‘in. As Iho lilting and shifting of these boxes, when small, is 
u-\!iilly managed by two men, they have two snugs or handles at 
each e id, seen in the figure, by which they are held. 

In some examples, the two halves or box parts are held tightly 
together during the easting process by means of four hooks and 
( yes n, n, n, n, provided or fitted at the positions shown,. 

In order to insure that the two box parts shall come together 
accuralely, and to the same relative positions previously occupied 
by them during the moulding process, they are provided with four 
snugs d, d, d, d cast ou—one at each cornier of each box part as 
shown. 

These snugs are each bored, so that when the two separate 
box parts are brought together thdr coiresponding holes will be 
accurately opposite each other. It ^ however, only the two snugs 
at th%opposite <»niers which are used at one time; the others 



314 


POUNDING AND CASTING. 


being idle, and serve as a stand-by in the event of some of the 
others being broken off. Thotje holes at the opposite corners of tho 
bottom, box part or drag have long pms driven into them tight, so 
that their projecting points will enter the holes in the corres]jon(l)ng 
snugs of the top jiart box when closing, the pins therefore act aa 
guides. These pins in practice, however, are not always an accurate 
tit, and therefore allow of variations which would lead to one-half 
of a casting projecting over the other at the partings of the mould. 
To avoid such objectionable results, moulders are in the liabit when 
closing, of taking up any slsick or play on the guide-pins, by each 
man understanding to push his end of the top part hard to the Iclt, 
until he knows that the metal of the snug (at least on one side) 



Fig. 102.. 


bciars hard on tho pin. This latter precaution insures that the to]) 
jiart is always replaced accurately and with certainty to its j)roper 
liosition. 

'.rhese pins are often chilled to make them more durable, and 
one made square while the others are round, which ensures accuracy 
of position. The hooks aud eyes hold the boxes tightly together 
for the casting. 

Various modifications as regards the details of construction, and 
arrangements for finding the separate box parts back to their propei- 
-relative position have been adopted, with a view in some instiinccs 
. to greater accuracy, and in others to cheapen the cost of production, 
such as when numerous boxes are required for duplicate castings. 
Id some of the laltcr examples, the box parts have suitable male 
and female projections cast on, these being afterwards filed and 
accurately fitted into each other, as shown in Fig. 102, so as to 
avoid the slighest variation which would affect the accuracy in 
closing. <§ 
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For binding or bolding together the adjoining box parts Tarious 
inoiliods arc adopted, each of which will be more or less suitable 
ai'cording to the special conditions. In an ordinary jobbing 
1‘oundry, turning out all shapes and sizes of castings, the almost 
universal method of holding the box parts together is by heavy 
weights, and also as represented at A, Fig. 103, which shows an 



ordinary cast-iron clamp or binder made long enough to embrace 
the two opposite snugs on the box parts, the final grip or 
tightening being produced by means of wedges driven in at a a 
shown. 

Another method, shown at B, represents the adoption of a 
hinged bolt and nut, A similar method is also shown at C, whoro 
the nut is replaced by a slotted hcde and a wedged-shaped colter 
driven up with a hammer. The latter method is much speedier 
than the previous process of screwing on the nut. Such modifi¬ 
cations as shown at B and C are. ohly adopted lor duplicate work, 
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-when every Hitle gain in speed, even in one operation, tells favour¬ 
ably after a vfhole day’s work. 

Fig. 104 represents another form of flask usually adopted for 
sm^ll castings, sndi as in brass foundry'practice. The sides iu 
these, it will be observed, are hollowed out to form a long V groove, 
which during the ramming prcj^ss is filled up with sand. Thus 
the whole body of sand is, as it Were, dovetailed ^fo the sides of 
the flasks, and is therefore not so ready to break up or fall off, as 
when the sides are straight and square. It is more common, 
however, for such small box parts to be made with square sides. 
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having a lip or narrow flange all round the inner edges for the same 
puipose. 

Flasks must be designed, so as to ensure absolute safety to 
withstand any pressure that may'be brought upon them, not only 
from the weight of metal pressing upon them, when they are in 
' their proper vertical position in the pit, but also to withstand any 
accidental shock or increased pressure, that might be brought to 
bear upon them- in conso<iuence of a sudden blow or alteration in 
,the strains, due to some temporary disturbance of their equilibrium. 

‘ They must also be accuiately fitted at all points of junction ; 
, with this object the edges should be accurately planed, and attention 
should be specially directed to the economy of loam that has 
to be built up for the cope, as the ujtpcr box is often called, by 
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rt'diicing the distance, as far as possible, between the exterior of 
tli(i ])attern and the interior of the flask. The boxes or moulding 
flasks are found to acjcnmnlate to a Tery troublesome extent in 
some foundries where miscellaneous engineering machines, tools, 
or engines are the staple productions. These are not only heavy, 
ounibersome, and bulky, but often represent a large amount of 
(capital lying idle in the worth of mere metal alone. ,, ^ 

The only reason for storing these boxes, instead of at once 
breaking them up and melting them in the cupola, is th^ they 
may he, and frequently are, required for use again. It is Ihere- 
fore obvious that such of the boxes as are deemed worthy of pre¬ 
servation, are also worthy of being neatly stacked, and systematically 
registered, in such a manner as to be easy of access and removal 
whenever required. 

A numbered catalogue of the boxes in stock, with just sufficient 
description for identification as to size, weight, and purpose of each, 
slunild be kept, and a label marked with the corresponding number 
sliould also bo affixed to the box when it is returned to the yard. 

The more precise the information that is booked about each 
a! i-icle, the less waste of time, that is money^ vdll be incurred when 
starching for it at a future period. 

In stacking the boxes, room shoulfl he left for the workmen to 
pass down passages between them, so as to be able to see the labels, 
ynd easily remove the box or boxes they are in search of. The 
yard should he provided with light iron tramways, and trucks, 
running in the most convenient directions to deliver the boxes to 
the moulding shops, and in large works an overhead gantry should 
bo provided for the same purpose. According to the nature of the 
work in use in the establishment various matters of detail will 
.suggest themselves to an intelligent foreman, and in any case it is 
certain that to allow an accumulation of boxes to form in the 
moulding shop or elsewhere, without order or method, involves a 
much larger eventual expenditure of labour and anxiety, than to 
have a frequent, almost dally, clearance, stacking,' and recording of 
the boxes for the time being out of use, 

I’eriodically it will be found adiitisahle to examine the stock, and 
to remove and break np such of th^ boxed, as it may be considered 
are not likely to be of any furlto.^ ' ' 
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The -boxes should be cleaned before stacking,?and should be 
kept a little Irom the ground, by being rested upon a few bricks or 
blocks of Wood. 

, Pig. 105, A, B, G, &c., represent some of the different kinds of 
t^ola employed by flat moulders in fhe execution of their work. A is 
ie trowel, the instrument in most frequent use by moulders, '.riiere 
KC6 varions sizes of it used, from one-fourth to 2 inches broad in 
the blade, and 3 inches long generally. The purpose of the trowel 
is to i^an away and smooth down the sxirface of the sand, to pros'; 
down and polish the blackening, repair injured parts of the mould- 
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ing, and so on. B is another form of trowel, of a heart shape. It 
is particularly {?mployed for entering .acute angles in a moulding, 
: into which the square trowel evidently cannot go. D is another form 
of tool for managing hollow impressions in the sand, J is the form 
. of a sleeker and cleaner combined. As the trowel is applicable only 
to open, plain snrfaot's, this tool J is for cleaning and smoothing 
snnk surfaces in the sand which the ordinary trowel cannot reacli, 
such as the impression of a flange, or of any flat part of a pattern 
presented edgewise to the sand: The uppmr end is applied to the 
sides of such an impression for sleeking or smoothing it, and the 
under end to the bottom^, where it is peed J^tb for taking np 



MOULDERa’ TOOLS. 


319 


loose sand lyii% there, and for pressing and smoothing down the 
surl'ace. It is to he noticed, too, that the upper end is presented 
edgewise to the direction of the spade at the under end, so that 
when this is employed at the bottom of a deep recess, the upper end 
stands sideways to the side of the 
recess, and permits free motion. 

Fig. 106 shows the different 
hinds of rammers used: A is 
tlie rammer used to ram the 
sand which surrounds the mould 
in the pit, as in loam mouldingl 
in order that the moulded struo- 

• 

tnre placed in it may he suf- 
tioicntly >>ound up to withstand 
ili(^ ])rcssure of metal .^uring 
tlie casting process. Tml ram¬ 
mer is round on the face, about 
.‘U inches diameter, with sides 
tiijicrcd, and fitted with a wooden 
sljfiuk of convenient length, viz. 

1 ft. G in. G is the form of 
rammer used for flattening and 
levelling clown the sand after 
tlie small rammer B has done 
Ihe work of ramming proper; 

G is usually called the dog 
ramm('r. 

C, E, F, (1, H, I, in Fig. 105, 
represent the forms of the cast-iron sleekers employed in the opera¬ 
tions of hollow moulding. F and G are the convex and concave 
sleet ers for corresponding surfaces. H and I are tools with 
double plane surfaces at certain angles with each other. Of these 
there is a variety, having their planes at different angles, to suit 
tlic various salient and retreating anglib, that occur in mouldings. 
C is a sleeker for the impressions of heads!, and E serves to smooth 
flat surfaces generally. All these, have small studs attached to 
them which serve for handles. 

Besides these tools thero ar^ setpral others, such as the shovel, 
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whicli me #ed ^ working the sand, sieTes and nd 4 ks for refining 
it, and bellows for blowing off loose sand frmn mouldings; pots fnr 
holding the parting sand and the water used in moulding, swnhs 
for applying this water to the mouldings, the latter being sinij)lY 
tiifte of tow brought to a point; separate Hnon bags of peftaeuunl 
r blackening, through the texture of which these materials arc 
shaken <ai the sand., There alW also piercers or prickers, as they 
are termed, made from pieces of. thick iron wire sharpened at one 
end to a point, for piercing tdie epd to let off air. 

“ 


CoSTuiOTION AND res Effiotb. 


Many machinists and founders hare noticed that if a piece he 
broken from the rim of a pulley, it cannot be returned without 
forcing the gap open, showing that the .||p had been put under a 
strain, which caused it to close , together So soon as the piece was 
removed. ;, 

.The strain b Mp i^emplified may bo explained in the following 
manner;—So sC^mte the pulley is cast, the rim, which is thinnest, 
is cooled down by the walls of the mould, and therefore sots iiimu'- 
diately. The arms, containing more metal in mass, cool next and 
set; the hub, containing the thickest metal, therefore cools last and 
sets, but in-doing so, like all the rest of the metal, it has a toudency 
to contract from its moulded size. It is now easy to see how the 
shrinkage of the hub causes a tendency for it to 'separate itself 
from the arms, or the arms firom the rim, hence the strains upon 
the rim are of such a nature that they tend to make the rim form 
^ a circle of less diameter than at the beginning; so that when a 
piec^ is broken out of the rim the resistance at that part is iv- 
moved, allowing the' rim to be drawn together to form a cirdt! 
of less diameter as suggested, causing the space left by the piece 
taken out of the rim to be correspondingly reduced. 

^' ’ The extent of such straii^ as are set up in eastings, ev^ from 
the same pattern, will vary, fording to the different, qualities of 
iron used, and also with the amount of care .tak^ by the moulder 
after metal is run into the mnuli^; by adf>ptiag some 6110 or 
other pf the Tarious methods to;r^ulate the rate at which the 
castin^^bolf down,.snch as by .^e md and certain 
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cores, say, at fcbe hub or other heavy parts as quickly as possible, 
so that by direct contact with the surrounding cooling air snch 
])art3 may be cooled down quickly and as nearly as possible in the 
same time as the other lighter portions of' same castmg still 
retained in the sand. In e.ztren)e,'<is«s^ water is applied at tho 
centre eye of the hub until the OQ^ii^ at; thOse heavy parts become 
black; while, on the other band, to ]^6tong the period of cooling 
of the thinner parts, such as the rim of belt pulleys, &q., hot metal 
is poured into a gutter surrounding it, by reason of which the rim 
tak’es longer to cool down. The intelligent application of; snch 
methods will often result in seeming sound castings, which 
wise would have gone to pieces. . , ' 

Nevertheless, owing o'ten to unsuitable hard metal lieing used, 
it is no uncommon thing for castings of pulleys, and other ligbt- 
riMimed wheels, d c., to give way and crack at different well known 
critical points. Such defects are very common in. castings of bell 
])ull<‘ySj„occurring usually at the junction of the arm and rim, as 
indicated in Fig. 107 at the diflerent points AAA. These faulfcs 
niiiy not, hov/cver, be observed until after the pulley or wheel has 
I let'll machined, fitted, and even set to work, when of course they 
fail through weakness. 

In order to avoid as far as possible the evil effects of contraction 
shown, it has become usual to make the arms jf bolt pulleys, spur 
wIk' els, fly-wheels, ttc., curved as iudiented in Fig 108, so that 
tlie strains along the arms resulting frim contraction may meet 
w lih as little resistance as possible. This, to a certain extent, it 
will be seen, is obtaineJ by these curved arms, which instead of 
oiferiiig resistance (as in the ease of straight atnis)« open up and 
straighten to a certain extent with comparatively little resistance, 
until the casting ceases to contract; by this, means the strain 
transmitted to the rim is very much reduced, so that pulleys with 
curved arms seldom fail in thel manner shown a,t ,A A, Fig. 107. 

Another method adopted to relieve fn^-^^ngs from exces¬ 
sive internal stress is that ahovni in This plan is some- 

tlines adopted for locomotive driving wheels, fiy-wheels, and other 
similar large wheel oast^g^ and ixiiiii^ts of splitting up the boss 
so that each arm carries its own portidh of the boss, and is there¬ 
fore free toshrink and sho^n Without the u^l resistance and 
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con.^cq!uin^.'mt@Enal stress^ at any moment might be the 
cause of asetic^s breakdown, even when no indications of weakness 
opuld have been previously detected. 


JTo 108. Fig. 107. 
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Wh^ the hub or boss is up ^ described it is 


necessary afterwards that the ee 
SQ(^ a nudmcr as will .^ve th^.|rl^: ^ 
atiffnesn / obtawfl!d;by i ' 
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boss a heavy malleable iron rmg >8 
Kurluces being previously pre|»re4,'aud p^pbrnel.^her^ necessary.^ 
Fig. 110 is a striking ejcaithple ojt;a ,f«i4ltffe the casing 
spur wheel. The stresses, resql^iijg frohl shiJihka^ or contraelioh^; 


ill this example, resulted in. 


the tht-e# * 


diflcTcnt points marked i!,, B, an4 Oi/th#/J»ti^ 

extended so as to completely ^lit the c^l&g into two : 

order to secure a solid ^siihg tWugWt, this .^he^ 'w^ 

cast, with the usual arms, by.cutting out portion^ of '^e 

ous web or plate shown, ihisb^ course ulsqxesi^i^iif^il^^ 



n : 

I f'*f J 




by breaking at the junction of the arms and rJi^-^ siniUar to that 
indicated in Fig. 107 ; and it Was onlyafter conjadeital^^ Fencing 
the sizes and therefore the quantity of meted 
wmtre from that shown in full to that mcli(Sa^(»^|r dqi^lines, 
tliat a perfect casting was or could J3»e obtain^ 

Figs. Ill and 112 illustrate a.speiqiql 
( ored out at the centre of large |o|mj|)kt6s, especiidly those of 
circular form, such as are !usq|^&hi^ cyHndem;;-,,;- 

pistons, cylinder covers an^ bt& or shapk V 

This method (m: arrangem^pt^ftt^^^;hf 'Mr..’:|^^ (q thoroughly ' 
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pmctiofti foUD^ tDansger), and forms the subject of a patent. The 
fdea her^ all ib the ext^mple of the fly-wheel where the boss at 
beatte is split up between each arm as shown in Fig. 109, is to 
that portion of the metal at the central parts to coutiact 
expand freely without the usual excessive internal strains 
set up> which so often cause heavy moulding plates to 
crack or split into pieces, and that too often ^hen the mould is 
practically fiuiij'hed and ready for casting, necessitating, it may be, 
some temporary binding arrangements to complete the casting, or 
in some more serious cases, the entire rebuilding of mould, including 



the making of a new plate. These faults, it will he aeon by refer¬ 
ence to Figs. Ill and llS* are obviated to a considerable ext<iit 
by forming a ceutml hole H, into which run four or more ladhd 
slots B, By tlie lattci teiminating in oval-shaped holes 0, in oi Jt r 
V avoid diarp angles, where cracks would be more readily started. 

iiliis manner it will be seen that the loam plate cools down as if 
it weiM a plain ring, whose inner circle corresponds to the dotted 
uhown around the Various oval-shape holes, with the result 
life or usefulness such plates is considerably lengthened, 
aud'liidre Is a coiTCspondiiig reduction in the number of new loam 
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p1fit;<>s; the labour in making the latter often representing a 
sidorable proportion of the moulder's tigae. . Mr. Mayer has ftlkil: 
patented the new form of moulding ^bbx iepre^|i:ted in Fig. IIS,' 
for which it is claimed that a more ftezibic^^j::; part is obtained. 
than that of the ordinary box parts thi bars isa[tend riglft ’ 
across from side to side, in which tifie.^exj^an^on^|^d contrtictiou 
effects are somewhat similar to thoM which'cauas^^fcgjbjireafcing oftlys. 
arms and rims of belt pulleys already refeired to. Such breaka^^ 
and cracking of box parts generally is often a serious loss mid 
constant cause of expense in ordinary foundry practice, owing toj 
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the cost of patching with malleable iron straps, or the process of 
burning, in which case the crack is simply surrounded with a heavy 
])iece of metal which cements'-the parts together when solid. In 
many cases, however, new box parts >i©qiike toybe ihade. In the 
new form of bars, arranged in squares, the adjacent sides of which 
are connected together by means of short straight ftara, the eftect 
of heating and cooling will cause the stre® hy contraction or ex¬ 
pansion to be uniformly distributed, because the expahsiou and 
contraction are allowed to* take place without meeting' with the 
same resistance by reason of the spring-like action of each side of 
the numerous square fqmiaticns# the result that breakages in 
box parts are reduced .correspon^^iy, ': 1 , 
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ofj&e faflare? in castings however, due to cracking i csnlt- 
lOig from contraction, conld have been avoided by usiug a higlu i 
of liietaU Bnt in foundiies where large quantities ot low 
, l^ade metal are being east throughout the day, it is not cas> to 
proper muturea for a small quantity, and in such cdses 



Fia. 113. 


it zequir<^ greater bliU in proportioning the metal in order to ob¬ 
tain satisstaetory castings of the special forms referred to. 

If a piece he biokou horn a ring, no perceptible change of foiin 
will take place; the piece can therefore be returned quite readily, 
and will be found to iit; this, however, does not prove that theu ib 
no imSwnt; the contrary, we will show there is. 

ring ia INrst cast, the walls of the mould cool oil iho 

fi W i 
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inner and outer c)rGimii!Ea?encSS| immediately causing them to set, 
the central core of metal remaining yet hot ; in a few moments 
more it sets, and in slirinMngexerto two mf uences, one to reduce 
its own diameter and that of the'bllter hmt.to it is attached,^ 
and which Iwis already set> and the around in the 

direction of the circumference, wher^>'iii^*jref€«Bn^ to the outer 
crust, there is a tendency to close with reference to 

the inner crust there is a tendency ib bjpen the 

ring 1)0 put in a lathe, andjfciie outer crust remoredi the gap uifill be 
noticed to close in, inereamng in this tendency as we near the cent^ 
of the ring with the tooL Ab we progress toward inr^Flcru^ 
from the centre an opposite ejffeot will be produced, and t£te ^p 
will be noticed to open. In a ring of 27 inches diameter, turhed, 
till the outer crust was just removed, when the piece was removed 
th(3 ring closed together ^ of an . inch in 4 inches—two prick- 


])nnch marks having boon made on its edge 4 inches apart^ spanning 
the place where the piece was to be removed, and before any cutting' 
was done. 


(Cylinders are no more than deep rings, and the strains explained 
under rings are also present here. 

Ordnance and cylinders shrunk on the Rodman plan will have 
a tendency to spring open if apiece be broken out, for the following 
reasons :—By the use of the water core, the interior of the cylinder " 
is cool d first and set; as the material surrounding this central core. 
shlinks it has tt tendency to crawl around, as explained under.the 
lu'iid of rings, exerting a strain upon the outoide—by outside we 
mean the portion surrounded by the molten metal—of the skin 


about the core barrel, which strain has a .^fcend^cy to pull the skin 
hack, or to rupture it; this force is increased as we approach the 
centre of the 8ecti(in, then retard|j|^ and counteracted by the 
shrinkago'of the exterior surface, obuS^ by the refrigerating action 
of the walls of the mould. This refrigeratiug action is small when 


compared with that of the core barrel, hence the tendency to spring 
open will he somewhat gre^r than; the tendency to spring shut, 
llierefore, a broken section wjH fd^yif'spring open, the tendem^y 
being regulated by the greater ^Ij^impdity with which the outer 
surface is cooled off. '# 

'I'heso strains metal were 



FomroiNa and casting. 


^<28 

free to act after the piece was broken out, ibrm an inverted triangle 
in the face of the broken section, the apex being in the' centre of 
ih^ case supposed under the remaiks on rin^; while in the ease of 
the Bodman plan, the apex would be nearer the outer edge, and in 
a perfect case the apex should lie just within the outer crust. It 
is, therefore, best to cast hydraulic rams, cannon, and all other 
cylinders intended to withs^d g;xeat internal force, on the Hodman 
principle. 

Cylinders, with heads cast in, whose thickness is greater tlian 
that of the body of the cylinder, will be fonnd to caliper less at tlio 
ends than at the middle, owing to the heads, acting as the iirins 
in the pulley, exerting a strain inward, drawing the ends of the 
cylinder down with them. ' • 

If the beads be cast thinner than the body of the cylinder, tlio 
cylinder will be found hollow in the middle, owing to tlie bonds 
setting first, which act as props or pillars, and hold out the ends 
of the cylinder, while the body being free to contract, will shriuli its 
full allowance. 

In the case of a shaft, or other solid cylinder, it will be noticed 
that the surface of the casting at the ends will be slightly de¬ 
pressed, This is occasioned by the surface of tiio cylinder being 
cooled by the walls of the mould first, and setting, while the central 
]>ortion yet remains fluid or soft. In a few moments more the 
central portion cools, and in shrinking draws in the ends of tlje 
cylinder, the outer crust acting as a prop or stay to the atoms of 
mottil adjacent to itl If this theory be correct, the deprc'ssif ni 
should take the form of an inverted cone, owing to the gradual 
chocking of the shritol^e as it approaches the outer crust. In 
practice this will be found the case, the obtuscncss of the angle 
being greater or less accor^jlte to the nature of the iron to shrink. 

'ITie shrinkage strains v^bin hoUow, spherical shell eastings are 
similar to those ox]>lained under the head of rings, they being no 
.iai^ro in fact than rings continuefi aljout a central axis. In tho 
caBe of solid globular castings, the heart or central point within will, 
usually, be found hollow or.porous; owing to tlie following causcs :— 
The walls of the mould cooling off the outer surface, ^uaes it to 
set inm^iatoly; the intcrio||^lih^ from the exterior inward, en- 
dcavoiw to i^ilnk away from 5^0 crust, which resists its so 
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doing; hence, the interior is kept to a greater diameter than is 
natural, and there being but so much in the entire mass, the 
atoms are drawn away from the central point toward all directions 
to supply the demand made by the met^ in drinking. 

In the case of flat round discs or. plates they will usually be 
found hollow on the top side, although in some cases the hollow is 

the bottom side. This is owing' to the follow'ing causes. The 
top and bottom faces, together with the outside edge, become set 
first through contact with the mould, leaving the centre yet soft 
When the centre shrinks a severe stain is put on the plate hy.atf *. 
effort to reduce its diameter, which the outer edge resists. 
the cope be thin, the heat will radiate rapidly in that dirwtion^ 
causing the outer or top side to set first; the under side, setting 
later, will drag the top side over with it, causing it to round up on 
top and dish in the bottom. Or if the pattern be not perfectly true 
ill every directii n, the strains first spoken of will cause any, curved 
j’ortion to become more exHggi'rated. If the pattern he perfectly 
true, cope and drag of the same thickness, and both rammed evenly, 
there is no reason why the plate should not come out perfectly true, 
the strains being all self-contained i^ the same piano and balanced. 

If the plate, however, have an ogee moulding projecting downward 
around the edge it will lit ely he depressed on the top surface wheu 
cast. This is due to all the surfaces being set alike and at the 
same instant, excepting the metal within the comers, which, con¬ 
taining tho most metal in a mass, will shrink last of all. When this 
does shrink its tendency is to pull over the top side of the moulding 
toward the plate, which being soft,, although set, will be forced 
downward at the edges, giving a chance for the strains within the , 
}date, }is above described, to aid in the distortion. 

The strains are similar in both round and square bars, and are 
already treated of under solid cylin^rs. There is another feature 
not before spoken of, which is rather curious. If two bars of the 
sjuue dimensions and mixture of iron be heated to the same tempera¬ 
ture, the one allowed to cool in the mould,"^the other plunged while 
hot into water, the latter will be found to have shrunk the most. 
I'his is due to the particles about the surface having been enahli d, 
by the softness of the interior mei^{to getdoser to each other th.'in 
they could have done if the nmteria! had Cooled slowly. 



\ \ ^ , jrouNDiNa and castiso. 

Rectatl^Iair- tii^ are Nsnally cast a core, which has a 
teod^cy to retaia the shape of the castiiig; s^l the flat sides will 
,8h6wa tendeacy to bulge up slightly a|i the ruiddJe. This is duo 
to much of the same causes explained in the plate with the 
ogee mouldings: the outer surface is cooled instantly by the walls 
otHhe mould, and is set ; the inI^el^^^face is not cooled quite so 
rapidly, owing to the core hem]^ bif harder material, and not so good 
a conductor of heat; when this does, cool it will pull inward tbo 
outer skin of the casting, forming a slighr curve; each side acting 
'lot itself will produce the same effects. 

or U<shaped castings are made thinner nt the edges than 
at the middle, bemuse the pattern has been made with draught. 
When castings of tills shape are taken from the mould, theywill ho 
found rounded oVot in the direction of their length, the legs l)eing 
on the curved side. This is explained by the mould cooling and 
setting the legs first; then when the back or round shrinks it 
pulls upwards the two ends of the casting. 

In parallel castings of any length, having a cross-section 
similar to a wedge, or similar to a ** knife ” in paper-mill work, the 
thick side will invariably l^found concave and the thin (‘dgo 
curved. This is due to the lame cause as explained above. The 
thin edge is set as soon as cast, the thick edge, cooling later, 
shrinks and draws tlie ends of the casting upward, and with them 
the thin edge, which acts as a pillar to resist further shrinkage. 

All ribs liave a tendency to eufve a plate if they be thicker or of 


the same thickness aS the ^ate, owing to the fact that whatever 
shrinkage strain they possess,- is below the general plane of the 
shrinkage of the plate itself, |f the ribs he thinner than the plate 
they will cool first, and by rej^ng the shrinkage of the bottom of 
tlie plate cause it to curve,.^pwwds, or “dish “ on top. 

In conclusion, WatkilM'Offers the general laws regarding 


, shrinkages. Tlie most metal a mass always shrinks last, hence, 
jrffi casting be composed of ii^gnlar tbickn^ it will be liable to 
broken by the forces contained witbih itmff. It is, therefore, 
especially necessary that cpluD^ ^d-.bastings, supporting or resist¬ 
ing great pressures, should be So dmigned as to pre^ ent this groat 
en^r.iiilfotiidinga cn cidui^' ;are/<fftw so .badly designed with 
regai'd'^'^IP^.Mtbr. tMt the coli^ weak whero 
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tliey sliould be the strongest As & rule, mi^dings should seldom 
be cast on a column, but rather bGlted on.. Hudbof the irregularity 
of flat castings and those of irregular ^apes could be remedied by 
a proper attention to cooling the castings while in the mould. To, 
be sure this is done to a certain extent, though few moulders know * 

K i ' V ' V 

why they do sa They know that,, by- rembpmg tbe sand from a 
pjirticular casting it will straighten in the shrinking; This is but 
the result of experience^ not of thought or any atttsmpt to know 
why they so act. It is useful to know also that all shrinkage, 
takes place while the casting is changing from a red to a black 
heat. (See Eig. 4, and pages 26 to 31.) . ; ; 

n 

:* 

Sand and Loam Cores. 

Cores are especially useful for forming vacancies in castings., 
Their forms may he long, and proportionally smulf in diameter, or 
winding or otherwise intricate; and, seeing that they are necessarily 
surroiinde l by the iron when cast, they ought to have os much as 
may be the qualities of firmness of substance and openness of pores. 

( lores, as has already been stated, are commonly composed of rock 
sand and sea sand. The former, having a proportion of clay in its 
composition to which it owes its powerful coheaiveness, when dried 
serves very well as a material for short cores that rest in the green 
sand at l>oih ends, as open commuiii<'ation with it is thus afforded 
for the free escape of the air in the interstices of the cores. But 
when rock sand is used for cores of considerablo height, which of 
course are surrounded on all sides by tbe iron, except the small 
imbedded portions at the extremities by which alone tbe air can 
escape, it requires to be moderated by the admixture of free sand 
as a counteractant to tbe clay. Tbe clay communicates tbe neces¬ 
sary cohesiveness to tbe material, of the core; the smid, on the con¬ 
trary, being loose and open, renders it less binding and more porous. 
Free-sand alone is also employed in the making of confined cores, 
that they may afterwards be easily extracted, as the sand has 
luiturally no power of cohesion. Wanting cohesiveness, it must be 
tempered to a proper consistency by the addition of clay and water, 
yeast, or the refuse of the pe^i»|e4. tised for light flat moulding 
purposes.. In the xise irf tbe^W;inatCrial, it must be accurately 
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properties to i^lpfid with which it is mixed The clay-wafer 
is, in ordinary cas^, made use of as a cement, and the yeast only in 
▼ery particular circumstancas. For large compact musses of cor<\ 
' the common green sand may be used, as illustrated in both the 
: iSt examples. 

As these sand cores become larger and longer, it is necessary to 
have them strengthened by means of iron wires, either straight, or 
suitably bent, so that they may follow the shape and be bedded into 
any particular form of core throughout its length, provision being 
always' made in the casting produced, in order to facilitate tho 
removal of the sand and irons forming the core, with still larger 
cores in which the body of sand becomes excessive, and therefore 
ready to break off. A suitable core iron is that shown in Fig. 
hl4 ; this form is readily produced in cast iron from an open sand 
mould, and is specially suitable for green sjind cores, such as, lor 



example, that adopted in example illustrated by Fig. 120, for which 
moulding process a shell pattern is used. 

In similar examples, but whore an arm or branching core is 
required, the strengthening oi the latter is provided for by fixing 
a square bar of malleable iron of suitable length, as shown witli 
wedges W; the hanging portion of the sand being additionally 
supported by means of a number of malleable iron hoops or lini'S 
bent and supported as shown. An important feature in this ar¬ 
rangement is, that the branch core iron is readily removed from 
the casting produced by slacking the wedge fixings, thus enabling 
two pa^ to bo again fixed up together and used over and 
over again, instead of otherwise breaking the core irons for removal 
of same, and making a new core iron for each mould, which in 
soma examples n ay be unavoidable. These core irons are ^nerally 
very hciiTy, as shown; this in the first place is desirable in order 
to obtain th6 necessary strength and stiffi^ess without the use of 
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core nails, studs, cbaplets, Saa. Tlic wide spaces required 

for each thickoess of metal are also more produced, these 

being simply cut out of the previously pr^&ed level sand bed 
with the ordinary trowel, and shaped out finally wiidi the hands. ' ■ 
Fig. 115 shows another hut similar form of,cast-iron core iron 
used for strengthening green sand or dry sand cores ; it is better 
ada])ted for broad cores, and is comparatively lighter than the pre¬ 
viously mentioned form by being more uniform, and less in thick¬ 
ness of metid, the neceasary strength being obtained by means of 
the doable longitudinal bar arrangement. To produce this bar a 
wooden pattern is required; this latter, however, may even be an 
advantage by rejlucing the cost of moulding when a number of 
similar core irons are required, as for duplicate work. The holes H, 
shown at both ends .in each example, are of use in setting the iron 



Fio, 115. 


in position by means of an iron bar; or again, the dressers find 
these useful in starting the irons for its removal from the casting. 

Fig lib illustrates a specially bent Ibrm of cast-iron core iron, 
used, as in this example, for making a double return or U bend in 
green sand or dry sand mould,when a shell pattern or similar method 
is a<Iopted. A special feature in this is, that both ends'of the ct)re 
iron are bent back as shown, so that the top box part, when laid 
down will rest upon it, at the four points A, A, A, A, the latter pre¬ 
vious to the casting process l)eing sufficiently weighted so as to resist 


any lifting effort of the core In this manner, with the core iron 
sufficiently stiff and strong, it will be seen that studs or core nails 
l)ecome quite unnecessary. This is most de^ble when the cast¬ 
ings are used for high pressures cf'i^ir, Steai^ and hydraulic pur¬ 
poses. ^’o facilitate the removal of such bent core irons from tho 
casting^ number of V-shaped i^preesiona, e, e, e, c, are arranged 
tliroughont its length* at suitable! apart, so that it may 
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Fig, 117 shows a form of core iron adopted especially for the 
larger sized rectangular cores, and those having deep flat sides. To 
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obtain sufficient strengtJi in snob a the ||^^ionaI support in 
the form of core iron sliown is absolutely h^s^ry; the gratingv 
liars across the bottom are required;. '^ $t]i&>iimg, to 



Pm. 118. 


lereive the three Kfting eyes LE «ho^» by means of Tfhioh the 
001 e when completed may be safdy'ftad conveniently himdlotl. 
'J ho various core irons ieqi?ired ere‘produced on a specially pre- 
()ttiod sand bed, as shown in I'ig. and described in pages 337 
Mild 33S. 
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, Fig. 118 shopj:|^special form of core irons or bnilding rinjra 
us^ core of loam and brick, the first 

ran A having four lifting rods LB cast on in the 
ivn. In proceeding with the building, owing to tlio 
height of the core, it was necessary to build in irons, 
as ii^wn at B,B, at regulaT intervals, each iron being supported 
directly on to the one immediately below by means of cast-iron 
distance pieces, thus pretentiug the collapse of the whole core by 
its own weight 

MAKING AND nfeVELUNG-UP SAND BED FOE MOULDING 

OCRS IRONS. 

In proceeding to mould the various core irons, building rings, 
gratings, &e., required, a specially prepared bed of sand is made in 
the following manner, and os illustrated in Fig. 119, in any con¬ 
venient spot of the foundry floor. 

In order to produce such open sand castings of uniform thiclc- 
ncBB without a top part, the surface of the siud bod must be lovrl 
throughout, Le, a true horizontal jjlane. Tliis is usually obtained by 
leV(dling two straight edges, S F and ES parallel to each otln-r, 
and at opposite sides of the proposed sand bed. To make certain 
that the top edges of these two straight edges are both iiFthe sjinic 
horizontal plane, a third straiglit edge E® is applied so as to hjive 
iiB ends resting on two diagonaljy opposite ends of the two lower 
straight edges. If the top straight edge S® E® is found level in 
these two extreme positions, then the bed of sand produced as 
follows is truly horizontal. The space between the two lowe r 
strfiight edge-* is now filled up with sand so that when loose it pro- 
ejects alTout one inch above the top edges of ”8 E and to allow 
for the subsoipiont ramming process with the third straight edue 
; B E*, the l)Ottom edge of which is made to press down the pro- 
s, J^ting sand until it bears pu tbe top edges of S B and S E®. This 
is repeated again and again (one end only being raised 
• '|bf eadi operation) until tlm #hole,;surfepe has bpen pressed down 
to form truly horizojitai plane, is no#, riadjsi to receive the 
various impressions or moulded foms of cp^, iron^ Ac., required 
Belbrt |wPOC!^it)g toArawiheBe-<«f,: t^e sui^i»’ ,m, usually dusted 
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over with a ligltt^lonred dry parting sahd, in order that the 
various linos and markings Ito niore distinctly shown. The 
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drawing generally <KAud8ls in the first place, of making an exact 
outline o£ eore, or otiier portion of the mould for which tlu' 
grating or eore iron ie requim^ Ihe yariouB bars in which are now 
readily ifertned by sttonpiog with « short wedge pattern G P, having 
a enitnl^e handle as shown enlarged in Fig. 119* These moulded 
gtooves must never extend beyond the ontline of core referred to, 
but must always be within, in ordhr to leave sufficient space for 
the sand or loam forming the outer surface of the finibhcd core. 
When duplioato iron gratings,,axe required, it becomes .iii 
advantage to make a pattern, so that the complete mould is pro¬ 
duced m one operation by sbimpmg. In this level solid bed is also 
shown the method of prodneing flat bnildmg rings by means ot 
bent hoop iron, against which the walls of sand are foimed. 
W 0 shows a wooden peg driven in flush to form a lehoble centre 
for the comptoses 0. The lifting rods L H are dnven into the 
sand where required, and as shown, so that when the mctil tills 
the grooves, it will also adhere to, and fl\ the lods m positiun 

» . CoEB Ventilation on Vlnting. 

One of the most important points for consideration in moulding 
is the proper ventilation of the mould and also the various eon s 
embedded in same. The simplest method adopted to facilitate the 
free passage of the gases gene rated dnr'ng the casting process is 
that of priclving or piercing the sand by means of a long pointed 
iron wire of from -fifth to i inch diameter and of suitable lengtli to 
reach the deepest portions of the mould. By this means the body 
of sand is honeycombed with continuous passages through whu h 
gases may escape freely. For ventilatiou in small, straight sand 
cores, it is usual to*form one straight channel thronghont its lengtli, 
by first embedding an iron wire at the centre or lying on top ot 
core iron, the wire being afterwards withdrawn before the finished 
core is removed from the core box. To produce a similar chaniu I 
or vent in a bent or angled core^djt is nsual to use cord or btiing 
folded into one, two, or three-sttattd^>fS»(n:di^ tl^'the size of core 
vent required, which cord, by its *Sex!b9if^, is easily with¬ 
drawn wdijbo^ destroying correspondingl} 

binnutis d hwre i^ fa mt hole , 
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It will be seen, Tiowevi^, thiMi (MMi^ -extiemely croaked 

examples, the withdrawal even ©£ cord ,,wilj 

have a tendency to destroy the cor£^;,^' pre¬ 

pared wax cord has been recently ifi^U^hbed^d^lfetentsizas vary¬ 
ing from up to i inch, diameteri||i ,^t ’ ^ffi^^^^i^ of cores. 
The wax of which this cord is CoMp^tively weak of 

itself, is strengthened.to withstand the niscessar^h^^p^, by pi^s 
of a thin core of thread thz(^|^out its whole leng'i^'ltimilar to that 
of the wick in a candle. The application of this eord u ther.s^e as 
when ordinary co M^ used, and it is nsnally placed at or the 
centre lying on tl^fep of the core iron; the cord being ^^inade of' 
wax having a comparatively low melting point, it melts dunng the 
drying process and disappears, by sinking or soaking ihio 'the ad-’ 
jaceut sand of the core, leaving its impression, which now forms a 
continuous channel to act as a means of escape for the gases gene¬ 
rated during the casting process. 

As the shape and size of cores become larger,.different methods 
arc adopted in order to ensure that the gases generated, dming the 
casting process may escape without hindrance, the proper applica¬ 
tion of which requires considerable skill and experience. ' In such 
cases, where the body of sand forming tho' core is of considerable 
thickness, it is desirable to have the interior made up of some other 
more porous material, such as engine ashes. Thus the core- is 
made up of a thick shell of, sand, Surrounding a porous centre of 
ashes, through which tho^ 4 gases can escape or pa^ freely, these 
gases being Conducted finally through <»ne or more communicating 
cliaiinels to the atmosphere, where |i^y are usmdiy ignited, and 
burn with a long bluish flame until the gas ceases to be generated. 
Those communicatiu jf channels are usually formed , by, suitable 
lengths of malleable iron m* cast-iron^ piping) bedded into ashes 
forming the centre of core ilt one ehd,;« showtt .ih Fig. 148, the 
other end opening into the prevent dirt fall- 

lei^Uy stopped up with 


, ing into these pasft’i^;jfhe|mtfir 

hay or other sq^bl^m^j^ai^; alao prevents the 

mixture 

IM^iior or hoUoWv’^tions of; 
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accidental 

which may have accnm| 
a mould or oore: 
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a shell pEitterh'^tl^at .My a pattern which is an exact duplicate of 
the id'^ both inside and outside, except that it 

• , ‘ /'.tst'i »■' V ■ ^ t Jl __ -i*_*!_ ■» 1 . ’I 1 - 


IS 


held together by means of suitable dowel pins, as 
is tlstiil^ Vlih the ordinary wood patterns. The core in the latter 
' JeiMtnpln becomes a part of the process of moulding, as now it is 
^ lozinld from t!ie interior of shell, instead of by means of a separate 
i' core box. The precautions for venting, &c., are, however, the 
same in either case. 

The simplest example of modliUng from a shell pattern, as also 
' by the usual solid pattern, is a plain, straightt: hollow cylinder or 
pipe, such as that illustrated in Fig. 120. core in this ex¬ 
ample, which may be either in green sand, or afterwards dried, is 
made from the interior of shell, after the lower half of shell path'ru 
is bedded dnd moulded in the foundry floor below the line F L. 
Before placing the heavy core iron C 1 in position shown, the inside 
of lower half diell is covered to abont one inch in depth with 
facing sand. The core iron being now set in position the remaiiiing 
spaces are filled up, and as much also of the top half of the core as 
convenient is made up, taking care to lay a suitable round pattern 
or piece 'df tube on top of core iron, which when withdrawn will 
leave a sufficient channel V, shown, for the escape of gas geiiorated. 
The top half of shell is now placed in position, aud the cleamuc(; 
between it and the roughly shaped top half of sand core referred to 
is now filled up and cautiously rammed from the ends by means of 
suitable ramming rods, taking care not io push or lift the top part 
of pattern shell: this being completed it is now time to place the 


box part B P, sbown^ for 


ianpletionof the mould proper. In 
order that the core may bethrought back to fit exactly into its 
original moulded position, a pojftion of it B B at each end is formed 
or moulded into suitable recesses B B previously made in the floor 
sand for that purpose, and ill this manner it will be even more 
. accurately set than when <x)^e. and the Core prints are con- 
atnicted independently, as when a solid pattern is used. 

% With a core (X)nstrncted as ahot|h, .aiiy tend^cy to rise or 
pend up at the centre during tlKB'icsstm^ pmce^sM^pIcvented by 
the ^1^^ cast-iron core hat adopted; without the use of studs or 
'any’wiil^Woh appliances. *’ ■ V'' ‘'' v 

|kaes the lower at hanging |>orti^/are very apt to 
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f)rciik away or otherwise IbII of^and cause considerable delayby 
the making up and finishing of same.', 

In the larger sizes of cor^, in which the depth of sand 
is six inches or more, a much stronger core is obtained by in¬ 
serting or embedding numerous s^ps nf. chopped wood along the 
sides of the core irons, in the manner shown ^ Fig. 120, . 
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In applying these strips it is usual tp previously dip their 
lower ends in strong clay-water. , , 

Any portion of a green or dry-sap^ nioold or eoK of consider¬ 
able depth, and occuiTing at different points, is usually supported 
by means of casL or wrought-iron, hahgea^; which are ei^er used 
alone or in combination with pla^ bedded at or near lowest 
]nirts in question. The^ hahg^, are.hung or sus[)euded eitlier 
on the core irqns or, to the'bj^;,feirming the ufqier box pmtt. 
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aocotdiag to WD^li^ it is toe core or toe mould in the top part 

toi^ support referr^ to. 

! . ventilating tor the escape of the gases 

fOnji^'4 toe casting is also dewrly toown on Fig. 120, 
In which is picrcod atopg each side, as shown at 
means of a to fmmi the specially bent 

! stotooi of ctoinuel shown m to# er^ seetioh. 

' ^ (The upper box part moula Is' also pierced as shown at c c c, in 
mder to £»oilitate the escape of gas through it upwards. 

The core for the same reason is also pierced from toe outside, 
as shown by the radiating black lines B, which terminate in the 
central ventilating channel V. The outer ends of these perfora¬ 
tions are subsequently closed as indicated during the finishing of 
the core. ' 


The gases, as they escape from the lower parts by way of the 
bent perforatioim a, a, are conducted to a longitudinal channel 
formed in the pai^ingt and again &om the latter by way of tlie 
several channels, amnged as shown, to the outside of moulding 
box, where they escape, and generally become ignited, and burn 
with a pale-blue flame. 

In order to ensure that the liquid metal during the casting 
process do^ npt find its way hetw^n the partings on toe line F L, 
and so run into and dioke toe various channels and perforations 
referred to, a line of slightly raised sand is cut and formed 
between toe gutters and the edges of the mould as shown aiddd; 
« which raised portion of is, subsequently compressed so os to 
form a dose joint wh#n the upper box part is finally laid in the 


position shown and held down by means of weights W, to enable 
toe top part to resist, Upward pressure of toe metal, also the 
of the core whild^theito^l remains in a liquid condition; 
iK.to® amount of preasuto S^p^ding chiefly on the depth of the 
Wuldi^ surfacto from the . of the metal in toe casting head 
runner, see page 357. *; 

< ^ toe construction of?^f^ moUldB, as well as the moulds of 
^hollow artid^yi| iS 'uece^i^ that the core bo 
mad#'jH^^ld and porous; tli^^uphdi^mm are obviously ncces- 
sai^Pm^'^to rernemb^d .toa'|/>to®>'la|ii|i toibiHty in the core 
must 


,toat toe core, 


»; tomlos^. 
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bein^ itself so much confiaisd ;exton^l|^ file metal when 
])oured, the ends alone servmg;jihetiiieK;^ 
interior air, must offer witl^n itself j&cilifies-for the escape of 
the gases generated. Both of th^ obj^ts iMe acooinplished by 
employing a tube of iron, foming^ the; <»ntr^ of the core, and 
perforated at regular distances, for the ea^pe .ef the air. . For the 
smallest sizes of cores GomYttdn gas-pipies are ns^, with holes 
drilled in them at about nine incbes distance, on alternate sides. 
Wrougbt-ifon tubes of a larger size kre employed for la|||tr pipes; 
and for the largest sizes of cores required cast-iron pipes are 
adopted, with rows of oblong holes cut at equal distances for T)^i- 


latioD. 


Loam Cores. 


More perfect cores are obtained, especially when required in 
duplicate, by fitting the core-bar ends with short spindles turned 
true when, in position. The usual practice when making a, loam 
core is to turn th^ core bar by means of a crank handle. 

In special cases, such as when large quantities p£ duplicate 
cores are required, it will he Much more economical to adopt some 
simple form of turning gear driven by belt power; provision 
being made for easily stopping and starting, as by means of a 
slip coupling, ' 

With hdllow perforated core bars, such as those described, it 
is no uncommon experience to find that the liquid metal has'!' 
found its way through these perforations and partly fills up ths 
interior; to remove which,^when the tube is made qf mallealde 
iron, the joint or seam is opeited up, and thede shcuU 
left mi welded for this purp<m^ [f/- ' 

With cast-iron p^foi^ted. bars, meial gelting into th'c interior 
cannot be removed ; a^ by thus spptli^ the necessary ventilating 
properties, the bar as such be^m^ get over this 

difficulty, cast-iron baifk of wie, fpim '^oi^ ..in Fig. 121 have 
been extensiviely ad^Aed., ,In: th^ lyjpk^i^^^^iitiTatfoa is. obtained 
by way of the the'bar, when the 

rope is woundusu^ 
forations. ToaJi^'-’cast hollow os- 
shown. the usual 
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I 'tiare must be taken to insure that the air in 


Inteiii^'i(^|ow portion^of the bar is not lock^ up, and that 
it i^ tree Id e^pe thtongh suitable holeS'it the top enl If this 
be not pto?ided for^ there is considerable danger due to the exces- 
siTe internal pressure of the air when it becomes heated by the 



sorroundiug liquid .metal immediately after the casting process is 
completed. 

Core bars for hollow castings generally should always be from 
2 to 8 mches less in diameter than the finished size of core, in 
order to leave sufficient space for the thicknesses of straw rope 
and loam required. In order to economise by reducing the 
quantity of straw rope and loam the corei bars for standard 
duplicate work are made as large as possible, consistent with 



jnccessful work; this requires that the straw rope be as nearly 
as possible uniform in thicteSSy and at the same time wound 
■lohhd the core bar with a uniform degree of tightness. Otherwise 
.the internal surfaces of the casing will be badly’eorrugated, as 
ill^trated at A. A A, Fig. 122, and,tfes is the risBuitof irregu* 
laritfos la'lhe thfokness of joto is. shown ^rWtioU below in the 

i' . ..’m. ,, 


;.ljy,causing th^. 


pi'loam . it the various 
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DEFKCTIVE STRAW AKD HAY ROPES. 

. • ‘ijl . , 

fore nnable to witbstand the pressure of the molten metal. Defects 
in a caating, resulting frmn tba. causes referred to, take tbe form^f 
slight swellings which correspond in length to the bngth of the 
defective portion of tbe straw rggpe, which, being wound in coils, 
causes the swellings also to take the form of rings or coils giring 
the interior of such castings a more or less corrugated appearance. 

AVhen a round loam core is required, say for a lamp-post in 
w hich tbe diameter gradually increases towards the bottom end, 
the core bar is usually a malleable iron tube, which, if parallel, 
must not be larger in diameter than can pass through at the 
smallest or top end of the post; with such a small bar the core is 
too Hoxible, by reason of which it is very apt to have ring cracks 
tliroughout its length. To get over this difficulty, ks far as pos¬ 
sible, lamp-post makers adopt a tapered form of tube bar, tbe 
smallest diameter of which corresponds to the small end of <»re, 
whci-e the space or allowance for the loam coating is often so little 
that twine instead of hay or straw rope has to be used next the bar 
for venting, &c. At the larger diameters, the core is made up by 
many turns of straw rope, bedded and cemented together with first 
coat or black loam, thus forming a comparatively strong mass 
which has the necessary porous properties. With such cores it 
will be seen that the composition, as regards tlie proportion and 
depth of combustible substance, must vary considerable throughout 
its length, hence the greatest care is necessary when drying, so as 
to avoid any part of it being burned out, ev^before the loam, &c., 
of the thicker parts is sufficiently dry; for this reason it is usual 
to build up and dry such cores in stages, beginning at the larget 
end and proceeding towards the small end in suitable portions, 
each of which is dried, so that when the small end is reached, the 
remaining period of drying reqtiired is reduced to a minimum, thus 
preventing the scorching and burning out of the straw rope, &c., 
at these smaller parts. 

An important feature in the use of straw mpe in core making 
is due to its combu-^tible properties, by reason of which it beconJfes 
completely dest* oy^ after the casting pcoce.^s, thus leaving a suf¬ 
ficiency of clearance between the loam the outer surface of the 
core bar, which enables the latter to be readily and easily with¬ 
drawn from the casting. When wk iconsider, however, the ^onuous 
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quantities of straw used in sume examples qf> foundry pnictico, it 
ii^qt surprisiug l^at so ntany attempts "|kye^ been made to cou- 
oor^ bar winch can be cqliapsed bi' mechanical means, and 
thus obtain a considerable saTUiig in of production of loam 
cotes doing away with the neee^ty for straw ropes alto^^^ether. 

’ ^^llapsible core bars, howeYeT, hhYe hot been very successful, nn- 
' lees where for special work, and then only with the larger sizes, 
vis., 18 inches diameter and upwardsthese being generally very 
completed and expensive to keep in good repair, are practically 
unknown in ordinary foundry pmctice. 

V Loam €oitj& Making. 

In the production of lobg and straight loam cores, the metal 
bar is first supported at each end in suitable bearings or notches 
formed along the upper edges T T of two iron trestles in the man¬ 
ner illustrated in Fig. 123, in which the form of trestle A is also 
shown. The notches referred to are either V-shapod or semi¬ 
circular, and may be formed iu separate bush pieces fitted by dove¬ 
tailing into the top rail. In this manner the bearings can be 
readily removed and replaced when worn out. In pioceeding to 
make the core, the bar is made to revolve, either by means of the 
usual crank handle at one, end, or by adopting some form of gear¬ 
ing which will enable the!, revolving operation to he done by belt- 
power. While the is thus revolving the straw rope is fixed by 
an overlap or hitch at one end, and then fed up so as to entirely 
cover the bar with the closedying coils, one thickness of roping as 
shown in Fig. 123, being generally sufficient, unless when the core 
bar is too small. 

First coat or block loam of the composition stated in page 20r> 
is now laid on the top of loam hoard B, and pressed forward on 
to the top of straw cohering 'its it revolve towards the bevelled 
' edge shown on said board, which has been previously set so as to 
. iKurape off the soft projecting (oam, and, at tj^ ..sai^ time, make 
it iq the diameter required ^'^s stage, at. tilieyCompletion of 
which is dried {plreyiotm to jhe &co(m4 o** finishing coat 

being ap^ied). When dried, th^ ;firet coating, by reason of the 
high proportion of clay in its coinpo^c^ is badly cracked, so that 
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it is necessary to cover it over with .a or finishing coat 

loam, oontaining a higher propfirtlcin ^ sharp sand as shown 
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. j age 296, and in the manner described for tbe first coating, tlio 
loam board being at this stage set so as to make tbe outer surface 
to tlie finished size. The core is again dried, previous to 

the final .costing with blacking, the latter being applied, as usual, 
with U OTUsh or swab, the heat of the core being generally suf- 
j ^i^t to dry the thin coat of blacking. 

;By developing the proce,s8 just referred to, we have a ready 
and cheap, method for producing a pattern of any cylindrical form 
iu loam, thus avoiding the expense of a wooden pattern, otherwise 
necessary.,. The advantage has special reference to such cases 
where only one or two castings are required. Talie for example, 
an ordinary spigot and fancet pipe. The core being completed, as 
described in the foregoing, and illustrated in Fig. 123, the pattern 
is produced by adding still another coat of loam, but this time 
using a specially prepared loam board, such as that marked A, 
having its scraping edge shaped so as to trace a suifacc the same 
ns the outer surface of cylindrical casting required *, the loam being 
applied, dried and coated with blacking, ns previously described, it 
is now ready to be used as a pattern. When doiH with as a pattern, 
the outer coating is readily taken ofi‘, duo to the separating efiVets 
of the coating of blacking put on, after second coating^Corc, and 
previons to the coating uith loam to form the pittera.' The core 
is thus (after a little additional finishing) again ready for use as 
such, after having served as a pattern during the previous mould¬ 
ing operations. 

. i 

‘ Chaplet and Coke NAiLs. 

In the pkdug and setting of cores, it is generally found ncices- 
saiy to support and fix them in the proper position, eo that they 
nmy not shift therefrom by the action of the metal, or even duiing 
'^he handling, of the mould. In light green-sand moulds the core 
f jpiay: be supported or set to give the necessary thinl^ess of metal 
6y; ^ng a large fiat-headed nail, as shown at N K 124. It 

is further supported by twodl^oual struts 
in J&Q.,forfa of long sprigs SS, also inserted in the sand. ]>y 
this detnfl® lih^ long nail which alone would readily pierce or siuk 
inta .we sand, is made to oftbr' considerable resistanoo by the 
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locking or wedge-like action between the sand and nails, as shown. 
I'liose nails are subsequently cast into <n' embedded in the casting 
produced, with their long points prqjj^tiBfg frbm the outer surface 
to the same exient as they pre? 
vioualy entered the sand, and there^^^J.i,' 
fore require to be chipped' off 
during the dressing process. An- ' 
otlier method of supporting the 
llat-hcaded nail is to drive the 
point N into a small block of wood 
previously bedded in the sand at 
the proper j)lace below, the wood 
being covered with sand sufficient 
to resist the action of the molten 
metal. : 

Fig, 125 shows three similar forms of ehaplels, A,B and C; 
sj)i(cially manufactured for moulding purposes, and extensively used. 
Tlmy differ from- each other only as regards the total area of surfa^jc 



» • * • •• • > • •* 
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and strength of support, this being obtained by simjily increasing 
the number of studs from one to three or more,-according to tlie 
rc'qnircments. 

Fig. 126 shows a newer form of stud, made of cast iron, in 
which the flanged portion a a is thinned towards the outer edge, 
in order that it may be more readily melted at its circumference 
by the heat of the surrounding molten metal, and in this manner 
ohtnin a casting which does not allow w^'t^^t'> pass through at the 
studs, as is u^ly the case with the jerew sind or nails. 

To obtain result is of the greate^ mp^^ cwt-iron 

pipes when bast on declivity in greeii’^and/mduids. Tli^^!east-iron 
stud shown has, however, not turned ptitlt^e great success that at. 
first might have, been supposed,' the fact that they are 

often found to ha-ve .been melt^||)^||Jiput M the metal in 
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tUe, lias, becme sst, witli the iresnlt that bending np of the 

(xnie owing to jts being free t 6 rise, thus producing 

unequal il^ehinesaes "bf Jn the casting, or thin at the top, 
towards 'middle 4 ^ its len^h, just as if no core liail or stud 
'•ha^tfein used, ‘ - . 
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Fig. 127. 


Fig. 127 is an ordinary aerew stud as usually adopted for the 
pnr])Oses referred to in the foregoing. 

Fig. 128 shows another form of cast-iron chaplet sometimes 
used for heavy‘work. The surfaces in which tho chaplets appear 
jiammat aftorwards^ to be machined, 

^ . the object being that these sur- 

I ^1 faces when machined will present 
m ills? ®- *nore uniform appearance than 

11 TT^ . when malleable iron chaplets are 

Fig. 128. ^ taken to have 

such chaplets of sufficient strength 
or thickness to rp^st the smelting action of tho molten metal sur¬ 
rounding it. : ' ' 

Chaplets and nails, howeyer, should always be aToided as far as 
possible, and especially when the castings are intended to carry 
water, steam, air, &e., under pressure, aa the metal of the ciist- 
. lug, even at the best, adheres imperfectly to these nails, &c., so as 
io;^pauae leakage at theee: j^h^. It is also common to find the 

honeycS&he^ in the vicinity c^ehaplets. &c., 
eahsed^^iubt by the pfeiefiee of vapour deri ^fef rOm water 

on ^es^ me|al surfaces by’^^^Bensation of 
Gf the ^uid, le^pectedly in case of 
; sui^^'miersfe'ag{^. hvEpo^^ by the heat 
of'^w^^t^./metid which 
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->t I li’v' 

vapour is held in suspension as the .iRctiair solidifies and becomes 
illiek enough to prevent its esoi^j , with/ the result that the 
rusting is honeycomed as stated.^ *!td~hljn{iyj^,saeh defects, the 
tendency to condensation is reduced by, coatiUig^^he chaplets with 
chalk, oil, tar, red lead> linseed ei&cT of ‘^iDoh will, to 

some extent, have the detod redtteing the .^^ncy to 

condensation of the aqueous vaponif^; in* ^ absorbing tiie'^^ipoQr 
to some extent, such as when chalk is^jiaed. ''' ■ ■ 

Ghnpkts and nails, as already indicated, ore not onl^r reared 
to take up the weight of cores, but are as often hsed tci keep 
cores in position and prevent them rising when the molten metal 
is being run into the mould. This latter tendency is due.tb the 
luioyaucy of the core as a whole, by reason of the higher specific 
gi avily of the molten metal in which the core has become sub¬ 
merged. Under sucli conditions the action of a core resembles 
tliiit of a cork when submerged in water, and the larger the size 
of body submerged tlie greater is the force with which it tends 
to lise ; so that large cores, otherwise unstayed, require to he 
held down or prevented from rising by means of studs such as 
illustrated in Fig. 129, either single or arranged in groups at the 
to}) side of the core, all of which remain afterwards embedded in 
the metal of the casting. 

If the number or size of studs adopted be insufficient, the 
edi'ct produced on the studs will be as represented iu Fig. 130, 
whicli shows the crushing effect actually produced on a stud 1 ifich. 
ill diameter, the same as that shown in Fig. 129, owing to the 
number adopted being insufficient. The metal at the top part 
of the casting was, of course, correspondingly thinned or r^uced 
ill thickness, so much so that the strains set up by dififereilbes in 
the rate of cdoling jdjie to the variations in. the thickness of metal, 
were sufficient to catiSe a wide crack at the thin part, just through 
where the crushed stud was placed ,* and when the casting was 
broken up further and at the position df stud, tha latter dropped 
out crushed illustrated, and coated with blacking dmved from 
the mould, winch as usual p^event^ it from bemgltmmed or 
fused into the surronnffinigfVm4ak-« . ^ of, tie stud re¬ 

ferred to takes place, ofthaft when under 
normal coiiditions,; qrag'temperatures of tMsuT- 
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roaoding molten motal, yihkk is sometimes sufficiently high to 
even mi^t- ^ etad. 

'^It^ 01 ^ high'pressures to be resisted as those indicated by 
the omk^ sta^ 1|^ig> 130, it becomes apparent that not only 




Fio. 129 Fia. 13(1. 

must the chaplets or studs in snch cases be strong, but that they 
themselves must l»e sufficiently well supported or held in the 
desired position, otherwise they would readily penetrate the sand 
or loam of which the mould or core is composed; for this reason 
both ends, i.e- the top and bottom of every stud, are made to bear 
on square or other shaped metal blocks, as represented in Figs. 12(5, 
127 and 130. These blocks in turn are prevented from shifting 
under pressure by being wedged up against some permanent por¬ 
tion of the mould or box in which they may be contained. In tbo 
examples illustrated in Figs. 12(5 and 127, the lower block C 13 
is specially made so that it rests on the core-iron, while the lop 
block T B is made to bear on one of the cross-bars of the top box 
part, either direct or by means of wedges and distance pieces of 
iroiildn Fig. 130 the stud, it will be seen, is made to bear, both 
top lin bottom, on motal plates embedded at the top side of tbo 
core and also at a corresponding part of the upper Surface of the 
mould. The upward pressure *or load produced while the metal 
is still liquid is thus transmitted and taken up by the metal bars 
or distance pieces indicated, the latter terminating in some per¬ 
manent pq^pn of the top mouldipg box part or plate as the 
case may W" 

. In OTder that the latter may he sufficiently permanent and 
cap^b^ of resisting the upward i^iiust tranmitted to them from 
the ism as well as the upward pressure aC^:ai4 metal all over 
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the upper sur&ce of uioi44f U to add r^tauee bjr 

placing heavy weights on the. fop .of, iQonlding box, as shown 
in Fig. 120, or in two part l^:^|^.i^/M6anS' of <^t-iroii hinders 


or malleable iron bolts, as shd#h4n : I and deep 

loam moulds, • long maUeatiie v|i^d<^. %' 

are used for the same purpose, a^d lo<^Mted ito sths ^ and 
bottom loam plates as show^ by w^|[in^ ujpi dr otherwise binding 
by means of strong chains. ! ’ ’ , 

Chaplets, such as those illustrate in Fig. 125, are often used 
where the tendency to lift is not very great and where weightang 
or binding is unnecessary. It will often be observed, howev^, 
that the flat heads project slightly above the surface of the casting, 
so that they require to be chipped away flush; this is due to the'' 
sand bearing being insufficient, and therefore giving way a little 
under the pressure due to lifting of the core, causing ^e metd 
at the upper side of the casting to be correspondingly thinner than, 
intended. When such a fault occurs it may be remedied 1^"' 
adopting a larger size of chaplet, or one having additional 
heads. 


LV 


Bdoyanoy op Cores when submerged in Moi.ten Metal. 

In the foregoing remarks regarding cores we have repeatedly 
referred to their tendency to rise or float during the casting process, 
and that too so long as the mehd remains, in. a liquid condition, 
'rhis is also the case with all those psi'^of A mould which become 
submerged in the liquid metal the difference between 

the specific gravities of the core and moltea iron. 

To understand more fully the naturo^ and intensify of the un> 
balanced forces to be provided against in ordinary foundry practice 
from the cause refeited to^ we will in the first place center, some 
of the more familiar examples of flotatbit^ j^ bup^Uey in water, 
the specific gravity af wbicb latter is, f all 

other speoifio gravities mp 

of wood having a specific ^ the 

weight of water. It' we; ' -in'Wt«p we not 

only know that it wfll bulk will Jjpwin 

above or out of tbe.wat€»;;;f8;ifi^if|^;'|s£i^ ^ 'That 
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is maiiitttini^ & 4qpiUl}ripm,i.^ tk state of rest, shows that the ro- 
s^ltaat i(ipward'|)ressTire of water E is eq^nal and opposite to W 
the iw»iiht of wood, which vertically downward through it:* 
Vcen|^i^j^aTity QO, The important point to he observed liore 
resultant upward pressure B is always ^equal to the 
"i^eigiit of water displaced. Therefore we have the wood rising out. 
^;of the water the weight, of water displaced is equal to the 
weight of the piece of WPod^'audi further, if we attempt to totally 
submerge the wood, and thus increase the displacement of water, 
wo increase the upward preasure R, without altering the weight of 
wood, so thfit it becomes necesf?ary to add the difference of pressure; 
re(]uired to produce equilibrium, when totally submerged by push¬ 
ing downward with the hand, or other external force, su<*h as liy 
placing on weights, by means of which latter the upward effoj-t of 
the wood, when totally submerged, could easily be measured. ^J'liis 
sinking process it will be seen is just what takes place, when loading 
^'i^hip, the primary object of which is to carry cargo or wcigljf. 
it is therefore constructed hollow, as shown in Fig. 132, in or-h'r 
to give the maximum displacement for a minimum weight of hull, 
after giving due consideration to such important points as the 
stability, alsc the shape, corresponding to the least resistance when 
sailing, <&c. 

Fig. 133 is another example of a hollow wooden ves'el, regar<l- 
less of stability or sailing power, which, being comparatively light 
for its bulk, does n(^ sipk so much as tlie s ilid block represented in 
Fig. 131. The reactiQtis-^yyeight and water are indicated in each 
oxmnple by the same lett^PW and R. ^ 

In dealing with sand, and loam cores, in many instances totally 
submerged in a bath of liquid metal, we have exactly the same 
reactions as those previously described (when bodies float, or are 
jheld down so that they are submerged in water), except tliat in- 
j^ltead of the specific gravities of wood and water, we now liave 
[In 1^naider,^e relative specific gravity of the core as a whole, and 
[j|bt4/spebiiy||^avity of the molten metal. Owing to the rapid 

thickening^ of the liquid metal until it 
^lid state, the action ^^^S considered as floating 
'mt therefore be confined to’ n onnjpaiuti 
I being nevertheless often enough to 
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permit of the core or other motild rising or h 

away when not held downiof s^eia^^p^ciently,,thn8 dea 
a casting which would otherwise have Mu sujscessful 






Fig. 132. 


Fm. 333. 


Tt will of course be understood that cores differently constructed 
011 Jiavo different specific gravities taken as a whole. Ill order, 
Ihereforc, to estimate the probable specific gravity of any epample, 
the specific gravities of the following materials have been el^n ap 
representative of those used intf^ary foundry practice ^ 

S{>fciflcGr^lty. V"',' 

^ 'ast iron as for core burs and irons ' 


< 'ast iron as for core burs and irons ' .. .7*5«^r 

Clay.. .. , ‘ ' 

Kiversand .. *. ~ 

Quartz .. .. •• *. V. 

Earth •.'« ^ ‘ 

Concrete (owlinary) .. •• ; «• v,,-’**'*' '"‘J'l’, 

„ in conu'Ut - , V* ' 

from which it will be lha| ik '^iumtiry btiilt loam-cor^ tiith 
iron gratings, &c., ti^y gravity from 3 to 5. 

%k% 
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Iti vw to utoertun tbe itmount of lift TOrtioalijr, or the ten- 
A 4010 to moye to any a^hsst dizoetion, it may in some 
toBtlSk'^0 toond eaaier to look at the problem more with regard 
to Si^iB0iaA of the Tarions anriaceat, aid^ difterent liquid pres< 



I 

l*ta. 194, 


they are exposed^ By this means the total upward 
^ ^ toe diftenance between the totul 

dlfiiMd %iud pretnare (to whioh^ml bd added the actual 
ueiwoaf ibe core) and the tottd tqifiefira |^tod pressura The 
Munepboeii of reasoning is ado]^ ^>poerM any unbalanced 
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lateral prossnre. These 
ascertained, the necessary di^ 

any other submerged portio^^<^k;1hop|l,'m^ i^ placesVttin he' 
(Mirried out with compa3catiye;C^]^^f^i'‘|:\..'^ - 

In making such ! 


•be mini' to i^tihember 

!,|soduees 





that every foot in depth, dr 
a pressure of 8*25 pounds 
surfaces of the mould or cores; eiwple, such 

as that.illustrated in Fig. IB4> ire ha^ at A the mould 

for a long barrel turned up <m end before eftsting, in onder to,insure 
a sound casting, and at the same time uniformity of thickurdi 
without the aid of chaplets, &o. . Imioediately after this mould is, 
full up with molten metal, as indicated at the top in metal runner, 
the pressure at the bottom, due to the maximnih depth of lO feet, 
is 32'5 pounds per square iuoh, the pressure at other depths vary* 
ing, or greatly dimioishing, as ^orm by the scale of pressure 
nates, at the left of mould A, until at the top level, corresponding 
to the level of metal iu the runner, the pressure is aero, as ^tedL 

It will be seen that in this example, the lateral tendencies of 
these varying pressures are at all points in equilibrium, hence the 
core does not tend to move in that direction, and therefore does 
not require to be held sideways, as already stated. . ^ 

This, however, is not the case with regard to the Y 6 rtical%roe 3 
in the same example A, owing to the considerable difference in the 
vertical pressures P and B, acting on the top and bottom shoulders 
of the core as shown, the areas of which annular surfme are belli; 
equal. 

Taking the dimensions as shown, riz. 6 inches^ and 16 inches, 
diameter, the annular area at the top and bottom, are there¬ 

fore each equal TO (201, 4 58 *27) squa^ejo^es «s 172* 73 square 
inches. So that 'we ^mate Yssiidtant, or tuibalanced 
force, as follows:—- ., ; I - 


-I- 


Downward pressnraP w f‘S!S, St. ponnda 






Therefore total downw(8*d,jd%(^ »• . 

Total apwtai p««* 


So that there is vtjll j 


aOS2*392 

1810*857 
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_^ ..,__iSlei 5 t 0 y iMsii 'oflioiirae be redstod by some ex- 

Aj in \^hicb the bottom end of 
receive a nnt and washer. The latter bearing 
as shoWn, preyehts the core from rising, 
^llervrae it would do wH^, l^e ^tal is poured in. There 
other forlbolaing down the core, such 
’')»vfcy cotters, efco, tlie cho.«Mt‘ will depend on the ma- 

■ terials avatlable. . It mighti^^^k^, why not hold down this core 
by applying weights at toeing a more direct and 

simpler method? This-latter plian will no doubt be found com- 
paiatiYely successful when , the epro'is short or proportionately big 
. in diameter, but if such a 0ore correspondingly long and small 
in diameter, by being held at> the top end as proposed during the 
casting process, it wiU at bnoe be seen that the core and bar must 
now be under compressi^W leiJgthwise by reason of the weight 
downvmrds and the yertieal' lift upwards ,* and to this may be added 
the effect produced by the expansion of the core-bar as it becomes 
heated by the surrounding liquid metal, all of which tend to, and 
generally do, buckle or bulge the core to one side with corresponding 
variations in the thickness of metal produced. By the method of 
fixing at the bottom, as suggested at A, Fig. 134, the core is free 
to" expand in the direction of its length, because its upper end is 
free lb move vertically as indicated. 

In addition to the cross-bar C B referred to, it is necessary to 
secure the core from dropping down as it is being raised into a 
vertical portion. This is readily done by passing a second cross¬ 
ly CD through a suitable hole at the bottom end of core-bar 
inside the bottom end, of box ^art; the whole arrangement being 
made tight by means of small wedges W' W as 

Example B, Fig. 134, is' simihsuf to ^t just^escrihed, except 
that the upward tendency to rise is now giuater owing to the core 
being the same diameter right t6 the tiqi end, by reason of 
the downward resi^tuaife, the pressure on the top 

M as in the previous w here removed. 

is another ^i^e'in whioh both top and bottom 
i IlSve been removed, atidj^^ there is neither upward nor 
of the core. 


: process, except 
$. tendency due bar com- 


the 

lined.dbwh/isi 
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The lateral pressares in e^h-example tend 

to collapse the core by forcing it agj^h^thfi or by their ont^ 
ward direction, tend to burst „tlie mptiH. or mdillding box 
iiigs, which most be mode more ^lird in prppor^dii tg the depth 
and area of moulded surface expo^ to the li^tiid^^nietid. 

Figs. 135 and 136 are two interestmg ex^ples ol core settings 
adojjted in the production of sijch C^tinj^^^as by<lraiilic ram 

' ' "‘ reij w stiown, and where 
end, of the core with 


cylinders, in which one end is 
tli'j usual method of supporting thO 
clia|ilets is most undesirable, on accouni cl the tendency of blow- 
lioles and hojieycombing' at these parts due to their presence. 
Such c.iHtiug8 would be unablg to stand the specified hydraulic 
test without leaking at the various points referred to, not to speak 
of the corresponding weakening effects. 

Fig. 135 illustrates a method by which.nb steadying pins or 
cliiiplets are required. Here it will be observed that the moulding 
hox is made in two parts lengthwise, to permit of inspection and 
free ucoess to the bottom or dead end of the core when the mould, 
etc., has been upturned so as to be verticjil or hanging plumb. 
Previous to this process of raising to the verticajj, in this example, 
tlie core i.s laid into the mould as usual,; the dead end bfcicg sup¬ 
ported by means of two pieces of wood’W W, shaped so os to give 
the desired thickness of metal; the other or top end being also care¬ 
fully R(>t and fix-cd to a three or four-armed cross-head by means of 
cast-iron distance piec,es, wedges and clamps in the manner shown,* 
'rids latter process being completed, the mould and box«(all|^s yet 
bolted together) is raised into a vertical position ■ the lower portion 
is now separated at the joint A B, with guide pins as shown, so 
t hat tlie thickness pieoM of wood W W required while in a hori- 
/ontiil position may i^adily removed, and the uniformity 


of the width of spftee‘;l^pPl when this,Is satisfactory thfe upper 


box 


X parts are let down and hblt^, togetbev vrith the lower portion 

• 1 I jV 1 n I . f* I, „ !• / ■¥j •11 V 


iot ca^hg. It will be 


shown, so that the mould is now 
f-cen that when in a vertical .or .jplujthb J^ition thh core has no 
t endency to change therefrom, €i|b^r>,b^re pr immediately alisr 
t,lio mould has been filled the lateral liquid pres- 

.suresare iu equilibrium ,to. collapse core as 


already stated in the 


As regards the upward 

■'*''*,'*2 A 4 
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tectecy, hovdvelf, i>b« amount lift is proportionately greater 
th& in either of tlie foregi^ng illustrations A, and 0, Fig. 131, 
as indeed it has here reaojbed the condition of maximum upward 
tendenoy^he^use we have now the entire eross-sectional area ex¬ 
posed to the upward liquid pressure at the maximum depth; while 
the total pressures on the equal annular spaces higher up are practi- 
; cally in equilihrium on adooUQFof nearness to each other, so 
that *^6 pressures on ^es^ lUdicated at A, Fig. 184, are approxi¬ 
mately the same. The downward tendency, therefore, is due 
to the weight of the ocde^itlelt ??he core in this example must 
be securely held down as by clamping and wedging to the cross¬ 
head as shown,,Urhioh process has also to serre the purpose of 
maintaining the core oentiully at the top end, so as to leave a 
oomparatiTely wide i^uW 'space into which the metal is i)oured. 
The upper portion of the casting is made much longer than that 
required, in order that the upper portion containing all dirt and 
honeycombing may be remov^ by cutting off at C G. The branch 
core D is prevented* from rising by inserting one end into the mam 
core, mid having the other end bedded tight into the sand forming 
the mould proper. The main core is made up of loam and straw 
wound on a malleable iron perforated tube core-bar; the whole of 
the venting therefore passes through the side perforations, then up 
the centre, and escapes finally through the perforations exposed at 
the top end, as shown. 

Fig. 136 illustrate another method of supporting such cores 
often^opted &r Speediness, andnut the same time avoiding the 
specid anangoment of moulding box' as de^irihed for the forc- 
gomg example. In this the moulding process is much the same, 
except as regards the setting and fixing of the main core, which 
it wUl be seen is here supported diffigg^y ou both the top and 
bottom ends when lying hqriutMii^fIbe top end the sand 
bearing is formed in the us^' the lUetal runner being 

^specially formed with four or gates as idiown. The bearing 
|| ^ Attorn end of the is hmA by driving a specially pre- 
oasi^iroii bar into the eotrespooj^ng end the tube which 
fbm the oere-bar; the outer end of ibis cast-iron bar GI pro- 
jectin^ep ns to rest on the mti p When the mould, etc., 

is nu^lb ibe vertical before core Is prevented from 
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or lower 
, It is npw oiily 

4 ] 

is wo- 


droppiog by prerk^o^y 
CI is bearing hard on to*. ^ „ 

” ‘ '' V ! Ji 

neces.<ary to see that to W " 

I I I ^ \s ^ ^ * 

when the metal ----- — 

veniently done by.i)k>;Si|n^<di:!i^l^:^^ to iron 

blocks and clamps. 

end of the corei -^Mila nd !c^!6ss»b^‘to'^e;£bw wedging 

up as indicated siBjjrtosi met|id47^ ^ ^ 

is cast into the dead,end df to oyiiQd^i,S)lf.'to |by iemoVing the 
malleable iron tube core>bar a portims: of to stud projects Into 


the interior space ThiSi however, is r^dily removed in to 
dressing process by previously ihiarking H^with a chisel, so tot it 
will break more readily at the point Aclc^ to the metal. 

The simple nature of the examples suggested in the foregoing 
have been chosen in order to Svoid complications as to to prin¬ 
ciples underlying this part of the subject, which, if properly 
applied, will enable the reader to ascertain and make the necessary 
calculations regarding the effects produced in many of the more 
complicated qnestions arising in ordinary foundry practice with 
regard to the stability of cores and other submerged portions of a 
mould during the casting process, <Hr so long as the metal remains 
in the liquid condition. 
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GNEEN*SilND, DBlT'rSA^' A^ WM UOULDINa. 


Thb art of moulding may^ bei divided into two gi^t divisions: 
namely, green and dry-^tod moulding, and loam moulding. In 
the first division, patterns of the articles wanted lare universally 
employed in forming.^lm mould in the second division, tbo 
ordinary patterns are mspensed witli, the objects of this division 
being heavy castings of a Tegular form, as cylindrical bodies gene¬ 
rally, and other circular ware, such as sugar pans and gas retorts. 

Large square vessels, water tunics, for example, may also be 
m^e by a process of loam monlding. The first division, again, 
embraces every other variety of article for wliich there must bo 
patterns. Dry-sand moulding is generally employed for tbo 
making of pipes, columns, shafts and other long bodies of cylin¬ 
drical form, more specially when such castings are required to be 
of the highest quality. 

In general foundry practice still another subdivision exists, 
known as Jobbing moulding, which includes the casting for engines 
and maohinei^ <4 all kindsi ^ulso the heavier class of work, dis¬ 


tinguishing, ihmn frpni,.1^e pfuupuntal and other light work. 

Amongst the, of woVk included in the various 

moulding proces^ and varied contrivance is 

displayed in the StinJctjuie^^lh and in particular of 

the cores, the matter of very 

wnmderaWe irai)ortariGeof the 
that much of the of sound cast- 

with mouldihgJ.p3feiei^-;m^whii ia 

‘ |he: first eonsidemtie!«\^j^ removal of the 


G^ as /not to 






referred tj 
l^ies of the 
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sphere, boiih of which in the bo that they eiousot. 

he withdrawn without hy the }jftmg, or‘; 

removing of that portion of embraced, by j^e dott M^ Mioai . 
lines, drawn from the eztiici]^ ^mta of tetotiii dSehsions 
us shown. In order to Ih^tale th%,'remoTOi ^ anch 

eases without destroying the, moul4<i^;,iB,'ii^^:tery tdj|^ke the 
monid in two parts. ,The first op^^n^il^ ea^ example is to 
hod the patterns as shown at G and D, ^ their largest hori¬ 
zontal dimensions iMe . exposed lit, the of the sand^- which 




Se<iuUMl^ 
.~.:Vm. 187. 

' V- . . 


- "t- 

V ^ y I'. . ‘ 


. ' n.i I i«i». w # I ' «' I 

surface is made tO form the 4i^di3i§‘ 'plwie that two 

i/i»va of tli e_jnnn ld re fori^ fo. The se^d ^ 4^g -portion 
oi the mould is now formed %;means, :of a monlcSng Oox, resting 
on the parting face, so. M to .^^hi^^ tgiS eip^ and pro- 

iecting portions of half of 

• " * ^ yl' VI' f' . I ^ 

Ihe sphere shown. j • ■ 

Fig. 138 illnstrates a /def'l^tdent ;of the^^ p^^ process, 
for the production of hpnp^ sjiitt;fi^^ having 

a small fuse hole, to the introduction 
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of proj^les now need for rifled gnns. The pattern is 

here eh gffl at B. The core required to form the hollow interior 
and iil||n«i^«hole is shown at 0; tho fuse-hole portion being 
sufficiently to fill up the^^aoe left by the print, A, 
shown on the pattern B, A secrion ^^e mortar-shell through 
the fb6e>|iole is shown at a, ^e whole core is farmed in a box 
which opens in two semispherioal parts to allow the core to be 
extracted. A piece of donble-ttristed wire is enveloped in the core. 



A 


tw'|«wi *■ " • ’y 

I* 1 If4 ,* I “ 


t ) 






>< I - I 


“ ' '' ''l! Ft ' M 


A 1 

projecting at the neck wi^ a loop at the outer enA By this wire 
the core is to bo held dowfilif |08 is a sectional view of the 
moulding box and the mot^did|^ ohowing the core in its rituation 
and the applications for holffing ^ Ihere by means of the wire, 
whirii passes through the llie moulding and is locked 

on the ride. Two gates arO' also, represented by which the 


It ia erident, them lluit whf^ the cesUng Is formed the fuse- 
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hole is the only exit for the eor 6 > 0 anii in the interior. The ma¬ 
tt rial of the core ought therefore to he eseily firiahle, as it can he 
bioken down only by jhhrws. Accordingly it is formed of 

iree sand, so tempered id|||||^^*watev or otheir hiding materials, 
as to acquire just sne M^ PMiaCity as wdQ onOhle it to bear the 
action of the metal. ^1^ 'fb^hole eOre is made of rodt sattd, to 
enable it to bear the weight 3 the body of the core, and to with¬ 
stand the strains to which it may he snljected. The surfaces of 
the core aud^xterior monlding are washed with a mixture of 
blackening azi||>rater, to communicate smooth interior and exterior 
surfaces to the shell. A pricker is sent into the heart of the core 
through the neck, forming by this means a passage for the escape 
of the air cod fined throughout it& substance. 

A variety of other peculiar circumstances occur frequently which 
require special modes of management. For example, a common 
sheave requires a particular and an degant process to execute 
the moulding, as shown in Fig. 189. A is a diametrical section 
of ona The circumference, it will be observed, is grooved out 
semicircularly at a, and "a hole o is made through the centra 
The object is now to mould the pattern in such a manner that the 
portion of sand forming the groove a a may he left in its place 
when the pattern is drawn out. The pattern B most therefore be 
formed in two halves, separated by the plane a' passing through 
the centre of the groove. These Mves are prevented from shift¬ 
ing by pins n », or thjs may also be effected by a button on the 
centre of the one, fitting |. recess in the other, as in the figura 
There are also prints at^ ^f or supporting the core. 

G represent^ in sec4l|rthe moulding of the ptiUey; ddmi 
hhare the boxes. The |^tem is first bedded the lower box, 
and a parting c c formed ftroD^^ under tini*to edge the 
box. The ring of sand c 0 's is, in the n^t pkee, tammed about 
the pattern, filling the groovy, and its^ttpper parting sur&ce 0 0 is 
brought from the upper rim. ^ Agauy box is placed on 

the other, and also filled. t. 

The ramming being uow OMim|sted,. mid the gate-pin set, the 
box d d is lifted off, oarryhig w4ia It jl^ jtopfemion of the upper 
side of the pattern. The a||^|ia|rdf the pattern he% free, 
19 lifted away, and the ^ 
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inverted, apd tHe Vox 6 6 is lifted off, thus permitting the remain¬ 
ing part;;df the pattern to be removed, which being done, and the 




that annuhir core cdevi lifted from its situation durin 
the ttiad when the two bodies, are linked together, it is 

‘wed^ili^h on every side, and th^ all ‘pcto)^j^ty of shiftin'* 


g la 


removed. 
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When there may not be facilities for turning the patterns of 
pulleys of large diameter, 
ing. For this purpd^^e a 
provided in the making, ^ 
a rim of a wheel supposi^'td he m^de wtli’ arm The print is 
indicated by the dotted lm^,and a core of the Sectional htmfgh 
IS constructed in a core-box tor the pm^ose. .-As there are only 
two hexes for the moulding, the pattern is mostly imbedded in 
the under one, the parting being formed on a level with the core¬ 
print at /. It is not necessary that the core be all one pieceit 
may, for convenience, be formed in several segments. 

As in these/- so in all other instances, patterns, or parts of 
])ai,lerns, to he capable of being moulded in sand, must in their 
g('neral outline taper from the surface of the sand downward. 
J^'or this reason, such parts of the surface of a pattern as may be 
intended to be vertical, when it is being made, are never truly 
so. A slight tapering inclination is given them, that they may 
leave the sand more readily. 

When it is required to produce large quantities of duplicate 
castings of moderate size, it will often he found an advantage to 
ado}>t the sholl-form of pattern which, when used, enables the 
(‘ore to be produced along with, and of the same quality of, sand 
adopled for the mould proper without the use of a core-box, which 
latter proce.ss, apart from the expense, will in many cases not be 
ncaily so accurate as regards the thickness of metal, etc., product 
throughout the'castings. A comparatively simple example of the 
use of the shell-pattern is that shown in Fig, IIU, page 334, which 
illustrates the moulding process; another example is that showm 
in Fig. 120, page 341, the moulding and venting processes being 
fully dfisei ibed in the adjoining pages. 

To produce a cast-iron shell pattern it is usually made up first 
in stucco, with the necessary allowance for double shrinkage. When 
th(^ shape or form of pattern -required permits, it is produced in a 
similar manner to that of a loam mo^ld by Sweeping the various 
surfaces with suitable sleeliOT boards whtte the stucco remains in 


grooves are cored out in the mould- 
cor^i^iint running yjHd. the pattern is 
i sketched in D, w®P is a section of 


the plastic condition. In some iiKtanees it is necessary to form a 
mould of stucco, in,to which .in. a: more or less liquid'con¬ 
dition is poured and albwed outer, or mould portioil^ 
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being afterwiaz^ eo ^ to kaye in stncco of the 

desized eha^ ^;^tl^rn ^ Ibe latt^Zf^jKfler ^^iving the necessary 
finifitog, methy¬ 
lated; jpattems generally. 

When ilie nnh&r of iaatiii^ hot exceed liye or six, 

and the pattern is not liMj^’^ z^ni^again, the stucco pattern 
may he used direct withohi '^1e:i^|)he of making an iron pattern. 
Great care, howeyer, is 'i^en the stucco pattern is to be 

used direct more than onOe> soon draws damp, and becomes 
easily broken. It will be Seen l^at shell patterns are exact dupli¬ 
cates of the castings pzodu^ (iia^e and outside), and only differ 
by the pattern being in halyes, os more than two pieces, held to¬ 
gether by means of irom dowel'i>ina imd corresponding holes in the 
usual manner. 

For the more iiregnlar forms of special pipe castings tlie 
patterns may be made up of half rings, arranged close together, 
so as to take up the form of a special fiat template made the exact 
outside size and shape of the parting or sectional plan of pipe 
required. The pattern formed in this manner is similar to the 
ordinary shell pattein, and the .moulding process is the same, 
except that it requires much greater care in placing the rings 
forming the pattern. 

When straight pipes, bends, tee*pieces, or other special pipe 
castings are i^uiied in ordinary jobbing foundry practice, t)je 
wood pattern generally adopted is constructed in two halves, with 
two or more dow'cl pins to prevent them shifting when put to¬ 
gether for moulding. , . 3ttoh patterns/, however, require separate 
core lioxes. 

In proceeding to m^d a p}|)e Item'the pattems a laying-down 
board of wood, or a c^-lteh phi^l^ .|s usually employed, the dimen- 
."^sions of which must always he slighpy larger than the moulding box 
u§[^ The board, if of wood/i^%p^, Jbe sufficiently strengthened 
fcijas not to he readily distoi^/dhih^ j^zntiulding process. 

, GpQfQ this board one half (^ ihe, pi|i^ ^Is laid with the fiat sido 
do^, the box is placed over it^ and ; the whole is inverted 

and tlte. bea^ lifted off. pie pai^ai&iag'telf of the pipe is set 
upon -^e ipibedded hal^ af4. i^ and linked to 


^he undmf Jae > 



,, Ifh® patterns are 
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lo as we have in other parts, described, and longittidinally 
also by blows upon the ends. The boxes^wing parted, the patterns 
removed, and the moulding black-washe^^ith Wi^kening, the core 
is sot in and the box closed. Smsdl • pipes, wh^'-there are several 
to be cast, are usually moulded in, pairs in one box. The metal is 
poured jn at one entrance, whidi branches, to - each mpulding ; 
shortly after which streams of aqueoms vapour mixed with hy¬ 
drogen and otlier gases, arising from the imperfect combustion of 
the charcoid and hay, are expelled from the extremities of the core¬ 
bars, sometimes resolving themselves into luminous jets. Soon 
after the motal is poured, the castings are turned out to cool; 
after which the core-bars are drawn from them, which is, a com- 
])aratively easy task, as the hay has been for the most part con¬ 
sumed, and of course occupies less bulk. 

In the moulding of the various lengths of pipe that are required 
for use, one pattern is made to answer. Pipe patterns are generally 
made nine feet long, of which an appropriate number of lengths are 
cast when more than nine feet of piping is required. But sliorter 
lengths also are frequently wanted, when, of course, the full length 
of the pattern would not l)e proper. The moulding, therefore, is 
cut to the required length ; in technical language, the pattern is 
cut in the sand. In such a case some preparation is necessary to 
form a new l5earing for the core. For this purpose, two semi- 
ciicnlar pieces of wood, of the diameters of the mould and the cor^ 
](:s[)*^ctivcly, are sprigged together end to end, ns at A, Fig. 140;' 
and it is obvious that by placing the larger piece in the mould in 
each box at corresponding parts, and ramming fresh sand about the 
ftirmer, the bearing for the core end will be formed, as shown at S 
ill ilie mould A' below. In like manner, if the pie<^ of pipe ter¬ 
minate in a flange, the flange having been moulded in its.place, a 
hair flanne of the same dimensions, with a half core-print P on it. 
as sliown at B, Fig. 140, is set into the monld,'aGd the licarings 
fnr tiie core made up; small perpendicular branches required to be 
made upon pi])es are cast either horizontally or vertically, as best 
imiy suit the form of-the box. In the latter case, the branch 
]iiii(erii is sot loose upon -the pipe, proj^ing, upwards l^tween the 
nlis (if the box, and, having beem moulded, it is drawn out, and its 
core set in upon the pipe-core, aim whqje covered in. 
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pi^ea, others have oftea to be cost of different 
peculiatytreatment, la' arrangements of pi]»o 
woriks,;pii^e is knees or bends in their coii- 

. strai^^t bends'are pldiaijilly cast separate from ih(‘ 

.portions of. pijje. Tk!e^’'are,nsnally standard patiernss 
v|iad corjg^^xM for pipe, bends U^i^lh&n^al sqnare knee shape. lu 
the abs&ee of patterns,'Hovireyeir, for these and for o^er varieties 
of short piping of the larger dimensions, they are swept up in loani, 
the core within the thickness.” 

We shall now select a.fluted pipe as an example of aiioflK'r 
variety of adaptation. A, Fig, 141, is a transverse sectional view 
of a pipe, w^ch may be, supposed to be about five inches in dm- 
nieter,six feet long, and three^sixteenths of an inch thiik. It ilI 
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1)6 observed that the core, or interior of the pipe, follows in 
the exterior surface, the object being to make the pipe as ligl 
possible, otherwise around core might have Ijeen substituted. 

To determine, then, the xhethod of casting this pipe:—It is t» 
1)6 noted, in the first place, as a general rule, all cylindrical bodies 
of any considerable length are ifipnlded in two boxes, one-halC in 
, each. Agreeably to this, the pattems are usually divided longiiu- 
d!a*i% ^1® halves. I^eFerring to B, Fig. 141, which i.s a 
ordfis^^tion of the pipe pattern, the line a a represents the mail* 
would suffic?e for a pattern having a plain exterior, 
1 , however, deep as .the flut^ are, subdivisions 

_lor the,moulding^otil prai^Cable; For it is easily 

seen angles hl'^h ^joining the parting a a 
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a 

ov llif! l»olkm of five hollow 1)f3tween a and h, and therefore 

ii tiic, imifcorris were drawn vertically oiifc of the sand, they must 
liro:ilc a^Yay the intervening portions'of. pand that occupy thc.<e 
liollows. 8uch parts of the piittem requite Johe reteioved laterally, 
and for this purpose each half as repre- 



Pio. 141. 


sented at sec, dovetailed to one’ another, allowing the smaller pieces 
to slide off the larger, C, Fig. 14.1, represents the core-box for the 
pipe. It is, like the pattern, parried in two at at a. On the top of 
the upper half a'loose piece 5, i^l ength of the box, is provided, 
wiiich being removed, the sandipPbhe core may be introduced by 

^ v' ^ ' . i B li 
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fcbe opeiiin^ ) 0 is the corc-bar, wliich runs the whole length for 
the purpose of stiffening tlie core, 

ifhe pattern having been moulded in the usual manner, one- 
half in each box, so that the plane a a, Fig. 141, B, coincides wilh 
, the parting of the saud, the middlh piece of e^ch half is first drawn 
out, wh^u the smaller piwes may next be removed laterally to make 

■way for the core. ‘ , - 

• On this principle of construction in similar ciroum^^tancos, 
patterns are generally made. Fitting strips, for example, wlnni 
applied to the vcrticd face of a pattern, below the surface of tho 
moulding, are atfeiched to it by sUding dovetails. Core-prints .in^ 
very often placed in such circumstances. In Fig. 142, which is 

the pattern of a flanged plate, i and 
I are two core-prints, which, instead 
of being dovetailed to the pattern, 
are carried quite down to the plate, 
which is moulded in an invert('(l 
position; these continuations clear 
the way for the prints lliomselves, 
Fio,'l42. which would otherwise i^^reak the 

moulding. After thq cores are in¬ 
troduced, these temporary vacancies are filled up with the aid of 
smooth strips of wood, and the figure of tho moulding restored. 
In general, core-prints on vertical faces of patterns are canied np 
to the parting surface with the view of making their own passage, 
which is afterwards closed over the core. 

Take for our next example a panelled octagon column or post. 
It presents a more complicated structure than the foregoing pipe, 
and to render it worJ^ablo in the sand the panels are, each l)y 
itself, made separable from the l>ocly of the pattern, being atfoiclied 
to it by screw-nails which are driven from the inside. The pattern 
is. divided into two principal halves. “When it is moulded, the 
panels, of which tliere are four to each half, are fixed on. AVlieii 
the parts of the box are separated, exposing each a half interior of 
the pattern, tho scieas are returned and withdrawn, thus hjaving 
the frame of the pattern at liberty from the panels. It is next 
lifted out, and those being dia^aged from the' sand by tapping, 
ate likewise taken out in ordei^ In tins way a complete extei-nal 
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iiioiiluiug of the oolnmn is formed. The coi-e, constructed upon A 
f-I.Miit l)}ir, is next inserted, and the box closed upon it. 

In addition to the foregoing examples, there are mauy others 
of !i more or loss special nature, so that the operations of green* 
sand moulding are generally recognised under two great classes, 
Ijollow moulding and flat moulding. The former includes pots, 
fiying-i)aus, and every other kind of cooking ware, of a light, 
dished form. The latter class is very extensive, and is so termed 
in ojii'osition to hollow monldihg. It includes all objects of a flat.' 
nature, plate-moulded goods, the various parts of grate furniture, 
and other ornamental work generally, stoves, smoothing irons, all 
kindf< of machinery that do not fall under the head of loam or dry- 
sand moulding: for instance, all the cast-iron work of spinning and 
loom maehinery. 

Take, for example, the front of an old-fashioned register grate, 
which is a familiar instence of light, flat moulding. Its construc¬ 
tion is that of two jambs joined at the top by a cross-piece. On 
the back, or inner surface, it is quite flat, and is ordinarily orna¬ 
mented on the face with raised figures of flowers, or the like. A 
])()x is seized that will receive the pattern, and have a few inches 
to spare, that the jiattcrn may be completely surrounded w'ith sand. 
The pattern is then laid down, either on the surface of the sand, 
]u epai ed in the upper box, and which is then termed the false 
]):ii’t, which is lying inverted on the ground, or on a flat board of 
siiflicient size to support it in all 2 )ai^t 8 , as in Fig. 142a. In either 
ciise ihe pattern is laid down on its back. There is next thrown 
oY('r it a line sand an inch deep, constituting the facing of the 
moulding. It is passed through a sieve to detain the coarser parts, 
Tlien upon the board, or upper box, which we shall call A, the 
drag-box 11 is j^hiced in its proper position in respect to the 
2 'attorn. 

It is necessary to spread the facing of sand before laying down 
the 1 <)x, as its ribs prevent the equal distribution of sand. An 
additional (pnintity of the common sand is passed through a riddle, 
wliich saves the small stones and other refuse in the sand, and the 
wliolo is now rammed down by the flat rammer as equally as 
jtossible. This is facilitated by a considerable depth of sand having 
i»cen laid on, as inequalities in Ihei^ce of ramming arc diminished 
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wt tlier sairfa^ieipatterti. The box is again filled np 

all over Frith the rounri-faeed instrument. Wlieii 
; the i^d is properly: set and squared fiush with the surface of the 
box Bt the , whole is turned, over,,avoiding sudden shqgks of any 
kind, which tend to loosen the sand, and well bedded on iln; 
j^ound with ihe.lwx, B undermost. The box A, or the board, as 
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" it may happen to be need, is lifted off, and the temporary bed of 
tend in the box A is destrpj'ed.,. The iipper surfiaces in the box J‘>, 
and of the pattern imbedded m it, are cleaned,and smoothed by 
the trowel, so that the surface of t^ ^nd is made flush with tljat 
of the; pattern all round, and also;Iheel^' the edges of the box. 
This &r^a the parting, or pkpe of iseptetion of the sand in tlio 
two toxeaj and that they separate properly, diy 
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8eM-saiid is freely sprinkled oV^r. tbe p^ting snrfacje, and has the 
elTect of preventing the adhesiop d;f.the lower ley^. of sand to jPhsff.J' 
wliicih is superimposed, by entedi^g end drying its^|K)res. The box, 
u liicL, when ruaile up tbe;secoi^ eiiiled the cope A, is now 

laid on the other, guided by the.piha, and both are" fastened, 
log(dher by the hooks. In bringing thorn t^ejl^er Iheip meeting 
siiilaces ought to be cleared of;^nd ;80 as.lb'mafc^,^ freely 

Sind steadily. Preparations are now' wide for the construdtioa of 
llie gates or pnssages for the iron from the external sarfa(^ into 
the mould. In the moulding of a regikier .grate front there are 
usually four gates g g, Fig. ld"2A, into which the iron is poured 
simultaneously. The necessity for having so many openings for, 

iron must be obvious, on considering that iron rapidly solidifies 
as it cools from a melting temperature, and of course sets in the 
ioriii of the place it occupies. 

To provide for the gates to the moulding, four taper pins of wood 
are stuck in the sand of the lower box at a shoii distance from the 
juiiXern, projecting upward between the ribs of the upper box. 
Sand is, as before, thrown into this box, covering the flat side of 
the pattern, and is rammed between the ribs until the box is filled 
llush with itself. The pins are now withdrawn, and the holes 
formed by them are widened at the top into bell-ihouthB, to receive 
the iron more rapidly, and are well smoothed there to prevent the 
jjietal carrying with it any loose sand. The upper box is now 
fiik'oii off with care, to preserve the imi)ression of the upper side of 
Iho ])atteni, and the edges of the moulding of the box B, in contact 
with tlie pattern, are wetted with the swab to make the sand at 
tluiso corners the firmer, and to prevent crumbling on withdrawing 


tlio pal tern. Still further to facilitate this, as the pattern fits 
closely in its bed, it must be loosened before being drawn, which is 
sim]ily cllbcted by taking hold of the pattern by> sharp point, if 
of wood, or by studs, which are riveted into it when, of iron, and 
gontly tapping them laterally and downwai4s. The pattern is 
next drawn slowly out . of the sand,,an4 it often occurs that tlie 
moulding is broken in one or two places in spite of these pre¬ 
cautions, and especially, if there be tauoh carved or ornamental 
work on the pattern, ' The ,fo|tj^der has therefore, in the first 
place, to repair the ^^Ijustuig disjointed parts, and 
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making up fraclutes by the aildition of sand. * All tlie more pro- 
znpent imd. more oxiK)sed parts of the modlding, as the extremities 
dfijtlio dHiamente, are treated with a tonch ofihe Swab, which must 
be Ugk% applied so as not to spoil their sharpness. This process, 
indeed, with that of applying the blackening, now to he described, 
ari^;.the most difficult parts in the art of the flat moulder. Tito 
bisickening has now to be appU^, and it must , be by some means 
pressed down upon the mould at every part, and made to adliere to 
its surface. 'Jo effect this, peasemeal is used It is first dusted 
thinly over the surhice of. the mould. It rapidly absorbs the 
damp of the sui^ace sand, and is converted into a pasty mattei-. 
The blackening is next dusted over the newly formed paste, and 
over all, the pattern is placed in its position and pressed down. 
Thus the hlackenbg is made as smooth as the pattern, and is at 
the same time held well down to the sand. Channels are now 
scooped out of the surface of the sand, joining the gate-holes to the 
moulding; and if the,pattern be thin, cucli channel is widened as 
it join^ the mould, to afibrd a sufficient inlet for the iron. I'hey 
are slightly swabbed, round the mouth to strengthen the edges 
against the abrasive action of the iron. 

Having finished the moulding, and got it in onler for the 
reception of the iron, the upper box is finally put on the under one 
in its place, and fastened down upon it. All is now leady for the 
pouring of the iron. 

Before dismissing the subject of light flat moulding, one other 
elegant example may be described, introducing the use of three 
boxes for a moulding. The instance referred to is the moulding 
of the cast-iron bushes, which are fixed into the naves of the 
wheels of wagons and other vehicles, to sustain the wear of the 
axles. 

A, Fig. 143, is an ordinary bush for cart-wheels. The dotted 
lines show the form of the interior, which is a tapered hole. At 
the middle of the length as shown, a chamber is formed in tlie 
hush so as to suiToimd the axle—its Object is to contain the greaso 
for lubrication. These bushes are always cast in pairs, and tlio 
Ct^res for them are cast-iron pins, having tl|«;form of the axles for 
which they are inteudetl 'rLese pinsi which serve for many sne- 
c('ssive| castings, are turned ahd:polisli€^ in ^e kthc, for the 
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I)ur|)ose of corammiicatiug a smi.oth eurfaco to the interior of the 
Idislies, by which the expense is avoided of boring them out^whit^h 
would be necessary were sand cores employed. 

The pattern of the bush is solid, and has, in addition, a core- 
jiriiit on each end to steady the core. This is shown by a and h, 
143, B; h shows thei core eslended at the ends in corre- 
si)oudence with the prints. Bohn I the middle of its length a 
ihi(‘i-ue::S of sand is wiappcd to form the grease chamber in the 
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bush. This part is made of sand, so as to be separable> and thus 
allosv the core-pin to bo driven out of the bush when cast. 

The box in which the bushes are chsfc consists, as already 
mentioned, of three parts. The length of the middle part is made 
the same as that of the hushes between the small end and the toj^ 
of the feathers. The pJtttC are octagonal in plan, as represented 
at C and D, Fig. 14S||^ere A is the top, B middle, C bottom. 

In proceeding to; filiOuld the; pattern, a flat board is laid down 
level, with two holes in i^itable distairce from each other. 
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Upon tliis board a pair of bush patterns are set down on tlu' 
points pacing through tho holes in the board 
pattern steady. The to B is ^Verted and laid down 

■ with sa^, whiidii lis, rammed about tho 

the tops of tbe-ie^the^ them. The box 

38 mow fixed oh and ramm^ .^i sand. E, Fig. 143, is a 
toiionid fisw of the toos ^d oontsfits at this stage of the 

■ process.,, , v ■ * ".,v ^ 

i The ttrb-boxes togeth^,'^ feverted and set down, the box A 
is fixed on the un^f(M,!hhd of iB^and it likewise is rammed Hush 
with sand. Two^hdl^^^ hekt pierced downwards in the sand 
with the handle oif j^e rammer; ;on,e on each side of the patterns. 
One of them eitehds Ju^ through the box A, and the other rcaclios 
down to the box Otv ^ hre lifted together off C, and turned 

over, the patj^i^ ..iooSsened Tby tapping, are next drawn out. A 
and B are th^'separated. Two prepared core-pins are next set as 
vertically as posedble into the recesses left by the prints in tho 
sand of the, lowest box; on the surface of the sand, at each end 
of the box B, cbannels are cut joining the gate-holes, made by 
the rammer to, th^- two mouldings, in such a manner that tlie 
short gate will he connected with the upper end, and the long gahi 
with the under end of the mouldings. B is lowered over the cores 
and fixed to C, being directed by long guide-pins at the side. A 
is next replacedj guided also by pins and fixed to B. It must be 
placed with care, as the upper ends of the cores are at tho same 
time entering, the *rMeBS6S made liy the prints, and thus the cores 
are secured between tlje boxes A and C. 

The mouMiog si shown at F, Fig. 143, wbicb 

h an; ex^joal v^hOlej.iWith the interior arrangeiiu-nts 

in dotted lines. 14^, is, a view of the upper and under 

ends of tlio middle box, Showing the gate channels. The iron is 
poured into the long |^te,, falling against the bottom of it, ibe 
force of the iron is broken,, and It runs' geu.tly into the mouldings, 
rising within them till they are fill^ when it passes into tlio 
shork flow gate, as it is tei-medi froiu. Whk^^t' lifues, carrying off 
the re^^se^it may have gathered ih ^fS»ge. Blackeuiiu; is 


not ap.plm.:tp these imoalds, a8vithjir> 8 
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The practice of holloa moulding fells now to be described, 
tliut branch of moulding naj^ifally precedes, in order of 
tion, the heavier species of greeii-pand moulding. , 

The distinct objects of h6llo^;.moulding are comparatively few 
ill number and small in dimension?; thefe are moulding boxes for 
them, individually of corresponding shape, generally manageable 
by one person. Boxes in two,' three, or four parts are employed 
as the necessities ol the require We shall select for 


A 




D 



Fig. 144. 


example the moulding of a three-legged pot, shown at A, Fig. 144. 
'I lie body of it is nearly spherical, drawn in at the neck and open¬ 
ing towards tlie brim. ' It has two ears at the neck, by which it 
is moved about v^hen in use, and three feqt oh the bottom. The 
jiatteru is an exact model of the pot, being in two halves separat¬ 
ing v(*rtically. The patterns of the ieet and ears are also loose on 
i he body of the patt^,'Jt^“8 ^ ky pins. To form an original 
pattern, the plan' of moulding in loam, 

which will be unde^tdo^^lifliw^'^^^ to describe this branch 
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ojf the {Lit, tbe mean time it is suffieient to state tliat tlio 
east pattern is chucked in the turning lathe, and tiiriud 
in'- imd "Without to the required form and thickness, in doing 
which it . is facilitated by boring ibur longitudinal rows of small 
holes through the pattern at equal distances round it, by which 
Ite tMokness.at any part may be always ascertained. Having 
been smoothed and polished, the pattern is taken from the chuclc 
and cut in two equal halves, ih which holes are bored in the 
proper positions for receiving the pins of the ears and feet. 'J’lio 
pattern is moulded in a box consisting of four parts, named the 
top, marked A in 144, the two cheeks, B C, and the 
bottom, I). Tho.diviaon into {^s is the same as that of the 
moulding box for axle bush^ last described, supposing the middle 
part divided vertically in two, cor^ponding with the cheeks li 0. 
The pattern being moulded in aigpi'yerted position, the top A is 
made to enclose the bottom of the pot, as far up as its largest 
diameters; the cheeks B and C enclose the remaining portion ot 
the pot, and the bottom I) serves to close up the mouth of it. 

The two cheeks'are first laid down on a level hoard and liuked 
together; the pattern is then laid down on its brim within tbo 
cheeks, being raised off the board by a slip of wood, of whicli tlio 
thickness is adapted to bring the largest diameter of the pot to 
the level of the upper edges of the cheeks. The patfenis of the 
ears are attached, and sand is rammed in round the pattern flush 
with the checks, making the parting surface on tlie centre of the 
pot. The surface having been sprinkled with parting sand, Iho 
top A is put on, led into its place by guide pins and fastened to 
the cheeks. Sand is again rammed in to the level of the mouth 
of the pot, the patterns of the feet and the gate-pin being set iu 
their places in the course of the ramming of the sand. Fig. 144,1>, 
shows the position of things as now described. The whole is next 
inverted, and thi^ hoard and slip, of wood removed. Tlie surface 
of, sand round the brim of the pattern is smoothly sloped ofi‘ to 
the edge of the box', forming the parting surface, and the bottom 
D is fixed on. It is also filled with sand. The body or core of 
sand tilling the interior of the pattern, h 'pjerced in several plact's 
with a prwker sent down to the pat|erii^ foiling thf-reby channe's 
of escai^’for tbe air expelled by th^jtt^lin^oduced. The whuh: 
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18 finally inverted, D lyiii|r lapperniost, and placed on a flat tpaid 
Avitli a hole in it to allow the escape of the air. The sand 
the pattern is sometimes pi'icked, though this is hut of 
importance. 

The part A is now separated and lifted oS^ caiTying the feet 
and pin with it. The cheeks, B C, are next separated horizontally, 
hiking the ears with them; and the half-patterns ate withdrawn^ 
from the core. The external and internal moulds thus exposed 
are skjfhod up with appropriate tools, and blackening is dusted on 
tliein and also sleeked up. Tlie patterns of .the feetnnd ears, and 
tlie gate-pin are drawn out, the boxes B C are replaced exactly as 
heforo, and the box A above them, the whole being again bound 
together. The mouth of the gate is next formed and smootlied. 
The space occupied by the pattern is now vacant for the metal. 
Fig. 144, C, is an external view, and Fig. 144, D, a section of the,,, 
box and moulding. In the section are shown the pfirting surfacea^^ 
and tho slope of the under one. 

All dished utensils are OJist with their mouths downwards, and, 
in some cases the area of tho moutli is so small when compared 
with the largest diameter, as to render it necessary to hind dow n 
tlm coie in the mouldings. For it is very evident that the iron 
1\ ing so far in below the 'core, it tends by upward pressure to 
lilt the core from its base. Such a result would, of course, spoil 
t]i{j oa-ting. This binding is requisite in kettle mouldings in 
particular. It is simply effected by burying an iron rod in the 
cuj’ft, having on it a cross at the end to give it a hold of the sand, 
the outer end being locked to a transverse piece wdiich hears on 
tlie edges of the box. - 

The metal requires to be at a bighio^t^perature for||||ow 
moulding; for so (luickly does it cool that Ihe brim of a niiS^te- 
size pot sets even before the mould is filled. While yet red bot the 
casting is taken out of the sand and the gate piece knocked off. 
I'bis must be done at a certain stage of the booling, as when too 
soon done the gate does not break clearly off, and when delayed too 
long it often carries off a piece of the bottom of the pot with it. 
AMth a view to provide against this, the pot is made considerably 
thicker at the centre of the^bottom,-^ Flat gates are formed for 
Hat bottomed ware^ ffyifig-j^s fe example. They are wide at the 
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to reo^iye the iron the bettor, biit, taper like a wed^e town id 
^oul^g, BP as to be easily eeparat^ iroija the casting. J >y 
i;|,of considerable extent, flat gates,-conduct the metal luoi o 
to: the diflerent parts of the mould, / 

JIl great improyement was eflfected in this class of moulding Ity 
:; the asbangepoifints introduced andjemployed by it Jobson, especially 
4 where a large number of castin|jS:jere 'required from one pattern. 

. In Mr. Jobson’s process of moulding, after the pattern has been 
first partially imbedded i^ the's«ihd of the bottom box as in ordi¬ 
nary moulding, shown at' A, FigridrS, and tbe parting surface luis 
been accurately formed^ tho is then placed on, and is filled 

with plaster of Baris^ or other similar material, to wliich the 
jiatteru itself adh^fi^,. When the plaster is set, the boxes are 
turned over, tbe carefully taken put of the bottom box, and a 
• similar process reputed with it, ais.al B, Fig. 145, using clay-wash 
*to prevent the two plasters from adhering; this forms a coiTesjxmd- 
ing plaster mould of the lower portion of the pattern, i'heso two 
plaster moulds may be called tbe ** waste blocks,” as they are not 
used in producing the moulds for casting, hut are sub.sc(pi(‘iiily 
destroyed. 

Keversed moulds in plaster, as at 0 and D, Fig. 145, are now 
made from these waste blocks, the pattern being first removed, by 
placing upon the bottom box a second top box, an cxacf. dujilicab; 
of tbe former top box, and filling it up with plaster, having used 
clay-wash as before,- and doing the same with tlie other box. 
Eeversed moulds are thus obtained, from which the final sand 
moulds for casting are made, by using them as ramming blocks,’* 
upoi^hich the sand forcnfrig thc tnould is rammed by placing a 
iplicaie topJ^^^Tjys.at F, Fig. X45, upon tbe ramming 

lid A Ofirrortridnniftiir birtfltttm boY as K nnnn f.ltP riimmiru*- 


blofiki'and a correspdnJihg hoftoui box, as at F, upon tbe rammin 
bloeh. ‘ 

The requisite gils, or gates, ^nners^and risers, are formed 
previously in the original sand idoifid, apd are consequently repre- 
fented in the ramming blocks, B\aUd E, by corresponding pro- 
j^tipns or ribs upon tho parting facp of the qne and hollows in 
the cth^ji which are then stopped U]^i^|bh plaster, and .these aro 
properly repeated in the fi^l F; these last 


therefore,'When put;together, for casting, 



JOliSON’s MOUtViNO X»ROCK9S. o83 

I’nsi, like an ordinary sanef mould; as at G, Fig. 145, Wt liaviug. 
^()!lie important advuuiuges. -r' ^ 
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Atkj uttHiber M 8uecee(lin<? moulcls ccia be made from the ori"iiial 
by the simple process of ramming, without nvy 
the pflttera or turning over the boxes, both top and 
;:!b^k^m;;Monids being rammed end at the same time 

' if' ITbe parting being once accurately formed in the 
ori^lll^ mould, all the snccc^ng.bnes are necessarily correct, 
any further care being re^nired; and by carefully trimming 
the original, and by slightly pamg down the inner edges of the 
parting, faces, if requisite, the faces of the final sand moulds have 
a corresponding fulness, and arb readily adjusted, after the fij st 
trirtl, to fit so closely together, that practically no fin is left on tlio 
castings. Also the^labour of forming tho gits and rnimexs afresh 
lor each casting avoided, by having tliem completely im¬ 

printed upon eacli^||Mld in- the process of ramming ; and by this 
means all risk is avbi^d of imperfect castings arising from want of 
uniform care or judgment in the formation of the gates hy the 
moulder in the ordinary process. This is the more important iii 
the case of difficult castings, where several trials may be reqiiiivd 
before the best mode of running the metal is ascertained so as 
to ensure sound, good castings; and by this process the exact re])e- 
titiou of the same plan is ensured, without requiring any farther 
attention from the moulder. 


‘ A small hollow is imprinted in the ramming block for the top 
Dox, into which the plug for forming the gate is rested while the 
box is rammed, and by this means tho gate is ensured being formed 
in the right place, without any care on the part of the moulder. 

The process of moulding by this plan is so simple and certain, 
that ordinary labourern.^^ quite snflScient to make the best castings, 
as they have notliingijjjj^^ ramming the sand upon the two 
blocks in each case, the batde and front of the pattern, and 

putting them together without having to pay any attention to 
thp parting gates or runners; and also it is much easier to lift 
the boxes from the blocks when rammed, than to pick out tlie 
pattern from the face of the mould as in the ordinary process. 
The whole being in one solid mass in this plan, it can be lifted 
jteadilyi with less risk of ininry to the sand mould. 

' Whbfi the pattern is long and and ihtiiciite, as in the 

case of l^n; ,o^amental/f<mderrjfi:^‘^ij^^;ti^^ surface is 
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nlso curved or Ending, as in Fig. I4<5,,the difficulty of picking 
out the pattern from the mould is so great as to require the most 
sldll'ul woriimen, and the length of time required for repairing the 
injuries of the mould causes about eight of fender castings a 
iliiy to be the general limit to the number that can be moulded by 
3 ac]i man and boy. But however difficult, the pattern may be to 
mould in the ordinary way, if it is arranged to “draw” properly 
From the mould with this process, the labour is very little greater 
thnii with an easy pattern; the saving of, time is so great that as 
iiuiuy as thirty a day are moulded on an average one labourer 
.and a boy, being four times the number that the best moulders can 
produce by the ordinary plan* 




Fia. U6. 


When the pattern is slender and long, it is liable to be broken 
in th(! frequent handling to which it is subject in the ordinary pro¬ 
cess of" moulding, and the expense and delay,|aused by the breakage, 
of })atterri 3 is of serious consequence in light ornamental work* 
wlujro the patterns are often very expensive ; but in this plan such 
dei’ects are entirely avoided, the pattern is uever handled at all, 
ex.'Bpt by the ordin'»,ry process of moulding to form the ramming 


hlorks. 

When the face of the castings m required to be particularly well 
fniisbed, a brass or other metal pattern is made, and is dressed up 
iiTid Finished to the degree that may be required in the castings, 
and any chasing or ether additi^d' ornament put,upon it; then 

' I ' 2 0 
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after foni^g ilie remaining Vock for tbe botfel^box by a plaster 
caBtirom pattern in Ui© manner before described at B, Fijj. 140, 
;lbe l^ttern i&lf is made from.tbe permanent face of the rainming 
blpolc'ioF, jb© box» A, by leaving, it , in the mould wlien tho 
■ fpl^^r is'^ured in. so that,, the,plater forma merely the jmrtin^ 
fifica and a'soHd back to the p^tdtiL . In this case the iron patiorn 
is secured to the croBS-ba[rabf the box, by several small bolts screwed 
up to plates at the back of tb^ box, bo that when the plaster is 
poured in, filling up tW whole .ya^cant space of the box, and setting 
solid ronnd these bolts and ov^ these nuts, the iron pattern be¬ 
comes so firmly secured in, the box that no ramming or moving it 
is subjected ^tp .aftiBiwards baS any risk of loosening it. 

lu this plan mould for the face of every casting is formed 
from the oiigiiml^lptal pattern, and the pattern itself is firmly and 
permanently seed® In, the plaster lied, so that however thin and 
delicate it may he, there is no risk of injury to the pattern in 
Ung any number of castings; as many as 3000 have been 
Mthout injury from a slender ornamental pattern. 

In forming the ramming blocks, common plaster of Paris is 
most generally employed as the most convenient aOd ccoiainiicjal 
material, and this is found to be suiliciently durable for general 
work. The blows of the rammer are deadened by the sand in the 
'box, and do not full directly upon the plaster block, sp that thcic' 
is no fi^k of iiijury.with ordinary care in ramming. As iiiatiy as 
4000 castings'have been moulded from one pair of plaster blochs; 
but when a, greater^nmnher of castings are required to be moulded 
from one pattern,,or when the -size or nature of the nionbl renders 
a harder face advisable; a metal face is -employed for the ramming 
block of the bottom h|i:; for'the parting surface of one or hotli 
blocks. This is, &t®t:«itnply by running into the mould, wlirn 
prepared for the plaster, a sinu'tt ppiliw of metal, consisting of zinc 
hardened with about onc^fifteenth paft of tin, sufficient metal being 
’ ii|ed to form a strong plate, toff.the surface of tlie ramming hloi-lc, 
knd the rest of the space back filled with plaster as usual. 

In practice it is more eouvenitent; generally to reverse the mode of 
! >unnh)|; metal for the fimeHi tb^ mould hy first ramming Ihe 

for the pla^r/fali^f BMid, then lilting it off, 

: the'^face of.^t|i&® wherevcF inetal is wantt^d to 




387 


J0BS0I7 S MOULDING BLOCKS. 

«■ ‘ ' 4 ' ' 

Biicli depth, abohi' three-^gbths oi^ an inoh, as may be desired for 
the metal, and wbdn the box is replape^ .in its former position, the' 
metal is run in, filbng np tbese spaces wtee.tbe^sand has been cut 
away. 'Fhe sand in. the upper box at the ba^ of; the metal face 
is then all removed, without inovii^ at a time if 

requisite, and plaster poured in abo^. lo and.mako 

a solid bock as before. /r ' 

The metal face is firmly secured, to the back by several 

small dovetail blocks cast upon the; back of ^ ^joe^bby cutting 
out corresponding boles in the sand mould b©fo:^tI:^ metal is run 
in. Various modificationB of this plan of ccmstruel^on are em- 
j)loy€sd, according to circumstances, for economy dr dopvenience, 
and sometimes the face of the ramming, blocks is ^f^y covmed 
l)y separate pieces of metal; but in every case the entire face, of the 
two ramming blocks forms a perfect Counterpart of the intended 
casting, surrounded by parting faces which exactly fit one anotb^, 
Ix caiise the one has been moulded from the other. 

Wlien the pattern is long, and a metal face is employ^, a 
narrow division is made, subdividing the njiotal face into two or 
more lengths to ^allow for the drinking of the metal forming the 
face, tlio effect of which is then found to be imperceptible. The 
])laster-rammiiig blocks are varnished, when dried, to preserve them 
from dam^ and in moulding from them the faces of the blt^ks are 
dusted witli rosin, to prevent adhesion of the sand. 

Jobsoii’s process of producing the blocks, though soiUewhat . 
complicated in description, involves practically but little increase 


of work over the process of moulding required for the first casting 
produced by the ordinary method, but every subsequent casting, 
instead of requiring a repetition of tlie whole process of the first 
moulding, as in the ordinary method, is. moulded by simply ram¬ 
ming the bo-\PS upon their respective blocks, . . 

It has to be noticed that in the ordinary plan of moulding, and 
by the odd side and plate, methods,: ope side of a pattern is not 
available while the othm? is in use, !:;By Jobson’^ process each pat¬ 
tern is equal to^two^ as it will-, be e^ehl tli^ both blocks may be 
worked from at t^ie same.time. s,!,- \ 

The gates for any matter for particular care. 

In the language of pass^ l^icg the fiuid 

. 2 0 2 
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metal into the mohld hre called “ gates/’ each it which, however, 
liaa its own p^nliar name; hence the large opening into which 
the metal is h'mt poured is termed the pouring gate. The recess 
helow, or in connectidn with the pouring gate, I'or sliimining tlio 
. iron, is terinedr^ shimming gate; the little passages from the skim¬ 
ming gate to the mould are sprue gates, usually “ sprues ” only ; 
and those openings by which-the' Supply of iron is kept up after the 
casting is poured are called feeding gates. 

The form, si^e,,number, and proper arrangement of either or 
all of these have„a decided effect upon the soundness and cleanness 
of the casting to which they appertain, and should he arranged »s 
to size and position with especial reference to the sizes, shape, anJ 
, character of the work in hand. 

Most oi the^ioUbwing remarks on gates are from the pen of 
B. E. Watkins, whom we have before had occasion to quote. Tlio 
p^nriiig gate, being the principal entrance for the iron, will he 
noticed first. When, placing this, it must be so arranged as to 
admit the metal to all parts of the mould at nearly the same iimo, 
hence its position must he central, or nearly as central Jis the nature 
of the work will permit. 

Its cross-section should be circular, for the reason that this 
form presents the loast refrigerating surface for a given area, hence 
it is bekt to retain this- form thronghout as much of the length as 
possible, whatever its form at its junction with the casting. Tlicro 
are cases where this form cannot he retained, especially in some 
classes of loam work; still it should not be deviated from if at 
all possible. iSfarrow flat gates are the worst of all possible 
forms. 

The proper diameter for gates of this class should bear a 
certain ratio to the refrigerating surface of the mould. If they ho 
too small, the casting will suffer; if loo large, unless intended as 
skimmers, there is a useless expenditure of iron. It is almost iiu- 
poasible to lay down an exact formula for this orifice. Iron in its 
melted state will uoc.o.^sarily folloW the liaws governing fluids ; lionco 
the nsiml formula for ascoriaining the diameter bf a'pipe for a given 
discharge will atoswer in this case also; a cansfcaiit must, however, 
be included for eacl^ square foot of moifld jiiiea pr^ cooling surface; 
for, taking ^e of a stove-pliide and; ft ^lid,ball, each weighing 
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one hundred ponn4s, it is'-'ai' once apparent that the stove-plate re- 
tjuires a much larger gate area than the .hall, or the metal would 
1)0 so much impeded by its'friction through the passages as to lose 
its heat, and run thick over the exten^ve surface, presented by the 
one as compared with the compact of the. other. F<^r sivall 
cri stings it is probable that little , att^tioh wo^id be, or indeed 
need be, paid to formulae if they did exist, but ip castings of large 
single-loam work especially, its conyenienee, would .b^ome at once 

lH>r some classes of work it becomes uecesqpi^.^tj^ pafticiilar 
i Ijat none but clean iron "enters the mouldy to^'atSp this end 
skimming gates are employed. The forms of these are various, 
y(‘t when the moulder once understands th^ ^rinciple^Cf their 
<)]>oratiou, his judgment will at once enable.^him. to design any 
srylo that would he most likely to meet his, particular case. The 
luinciples usually employed are tliose of specific gravity and cen- 
tnfugal force. ,, 

To attain the end by specific gravity, the pouring gate is made 
of much larger area than would be necessary if it were to be 
eini>loycd as a pouring gate only; the orifice at the junction 
witli tlie mould is not, however, increased above that reejuired for 
llie ordinary pouring gate. The metal having tilled the gate, the 
siiijill orifice into the mould llirottles down the flood,-allowing time 
for the lighter material to separate from the iron and ascend to 
fhe surface of the gate, where it will be found after tire casting is 
pi'iirod. 

The centrifugal-force principle is employed ' by forming a 
chamher between the mould and pouring gate, to both of wLdch 
it is connected by small channels or ** sprues.” The shape of 
this chamber and arrangement of the sprues accpfupKsh the whole 
end. ' . / 

- *v 

In one manner of employing this principle the chamher or 
skimming gate is formed by moulding,a,:ba^I>jually in both cope 
and drag; the spruo from the pouring gut© then led into it at a 
tangent to the outgr edge or circumfetenea: The sprue to the mould 
is taken out radblly firom the Hxis., 'Ijt.is best to take the sprue to 
the mouM.out just at the back of hprue from the,pouring gate, 
that the iron may rtraTei ,ax<ranii,^m of the chamher, before it 
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is dismi off, iMi possible. B becomes i^ODee^appareut that the 
metal eDtecing fmm poming gate rn tbiown violently agakist 
tbe .'H'i^is of the chamber, which jfrom , its "shape imparts a rotary 
th^eto, and the constant supply of metd causes the iron to 
''. ftaWi|nQ itself a :rapid spring, motion, whMeby.tho heavier body 
(iron) is thiown tp the onMS, where it is drawn hy the sprue, 
, ,and the lighter bo^y (dross). iS forced to the centre# where it re- 
! volres about the tenoral axis. ^, 

It is, course, necesB^ 'that all the sprues to the mould be 
taken wnt bf ^ the Hask, while those from the 

pouring gatffife^'|^!'Wihfir in drag o?-cope. It is not important 
that only,^ ^r^^hoUld be led from the chamber to the mould; 
a number maj^;]b^jBj|^d|ed if the nature of the work requires it. 
It is essenti{d^;ii^W|^* to; have the sprues to the mould of lei^s 
area than those feotU the pouring gate, that they may act as u 
check upon (he fluid irohVand give time for the foreign matter to 
separate; 

F^ing gafes are employed in large castings for the puri)oao 
of supplying iron taken up by the casting in shrinking. Their best 
position is undoubtedly over some thin portion of the casting likely 
. to be injured by the shrinkage strains, l)ecause the hot iron being 
supplied^to that point the longest, will enable the strains caused by 
tic ^ ^emass in cooling to adjust tliemselves without injury 
to the weaker'part. , 

More than one feeding gate to a casting is unnecessary, for the 
reason that for every g^te added the feed is correspondingly slow, 
and the orifice more, likely to dot up. To secure a clean gate it is 
neccssavy for the feed to be more rapid, necessitating the constant 
supply of fresh hot jicai,,;' If, however, two gates be employed, the 
feed is only halfjfts fast aS with, one, and the opening will chill up 
; in half the time. If three gates he used, the fefed in each will bo 
reduced to one-third, and Ihe of ^eeptug the gates opened 

/.>will enhanced three times, and, to on fer each additional gate ; 
^ and when the.gafes am knocked off/a bluish in the form of a 
shi^kage hole will be found at thb root df“e^, owing to the 
chiiling Up of tlm gate before a,ll tl^ bton supplied. 


Thiti wiS not be to when pnlytcha* 
' the'gate,r^l^S'Open'J^P 
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Hiul tlicrc is no fortlier to strain after tlio gate has chilled. 

11 a blemish of this eofGCeur wijLh one gate, it is because the 
feeding had not been properly altend^ tb, and the metal was 
allowed to get so cool before the hdt,iron was added that the end 
ill view was defeated. ' . , 

Shrinkage holes usually occur be|wi^, gates, and are explained 
by tlie walls of the gates chilling tlie mm contained therein before 
ibe mass of the casting had ceased Blupinking. As the gate chills 
IVoiu the sides and top, it m»y be likened tO, a. capped pillar, the 
(•(iulral part strained away. The top of the gate exposed to 
the iiimosphere, it will chill most rapidly from .the 1ii$1;oward the 
bottom, therefore the softest mass will be that nearest the casting 
and that part it is that will supply the shrinkage required by the 
(•a.''l ing ; hence a cavity is the result. , ' 

Tliero are several points in the practice of green-sand moulding’ 
g<‘n(‘rally, to which great attention .must be paid. In the pre¬ 
ceding account we alluded to the necessity of the sand being 
rammed as uniformly as possible. Now it may be rammed too 
i losoly logethcr, so as to impair its capability of eondneting away 
the conliiiod air and the gases generated by. the heat. There must 
lx* a degree of ramming applied proportioned, to the heaviness of 
the casting. If the sand be too closely rammed, the current of iron 
flowing over the moulding is agitated by the air not being allowed 
to pass freely off. In consequence it breaks up the sand, and 
heaves it to the surface, and it is easy to see' that this profluces 
excj es(tencos on one side of the casting, while corresponding defi¬ 
ciencies exist from the same cause on the other side. If, again, the 
sand be too loosely rammed, the iron by its weight presses it 
outward off the mo.ulding, which renders the surfoce unevmi and 


swells tlie casting. Sloreover, a certain degree of humidity in the 
sand is necessary for the goodness of the casting., When the sand 
is dciiciont in moisture, the iron is apt to, penetrate its pores on tho 
under surface, and co detach the particles of sand there, producing 
an effect similar to that occasion^ by OTer-ramming, On the 


contrary, if there bo an excess of dampness in the sand, the iron, 
by the sudden formation of aqnec^S yapour, is frequently repeDed 
altogethp, and ejected at the’^i^^e^ot, Should this not take 
place, tlough the iron may ma|h«%ay through the mould, the 
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bubbles of Tapotir form oavities in towards the nrid.'r 

side principally, as ihis side bears cHof tbe iron ])aHrii)ij 5 
overit, and is thus more severely^ tried than the upper sidc*, tlio 
iron simply rising to that side, tod is there at rest. Excess of 
dampness, and of over-rammihg, are thus nearly alike in tlioir 
' effects, and are the moiiB ;dangerou8 extremes. In cases of very 
large castings, if the air expanded by the heat and the other gas('s 
generated do not find a tisady vent, they burst through every 
resistance with explosive energy. 

The (quantity of blackening to be appHed must also be of a 
particular qifelity. In, noticing, in a former chapter, the uutnre of 
blackening, and the manner in which it is operated upon by lluj 
iron, reference waa^made to the continued evolution of gas by com ¬ 
bustion.. If iben^^rthe action of the iron upon the bhu'.keniiig 
in the mould, too hiUdh gas be formed, it collects in globules, and 
forms corresponding indents in tbe casting. The skill of the green¬ 
sand moulder consists in so laying on the bl.tokening as to produce 
e'piilibrium between tbe antagonistic forces of the iron advancing 
and the resistance of the ggs produced. After having been ])resst d 
down by tbe pattern, the loose blackening is rubbed ofi’ and blown 
away. When this is not attenchid to, the blackening is raised in 
layers from the surface by the iron, and deposited in other positions, 
giving the casting when cool a rough clouded appearance. In 
foming tbe surface of the hlackcming upon ornamental moulding, 
by pressing down the pattern upon it, care must be taken to 
have tbe pattern perfectly dried before being laid over the black¬ 
ening ; for if at all damp, this will adhere to it, and take tlio 
peasemeal with it, and so destroy the moulding. And evrn 
though it be quite dry at first, yet it may, by lying too long in the 
sand, contract damp, and so spoil the mould. Swabbing is to he 
avoided when not essentially necessary, as the formation of vapour 
V by tbe contact of the iron with the water is, as before noticed, apt 
agitate the current, and bo make the flow UTcgular. Tlie object 
of'fdrming the gate to ouo side of the moulding, is to check the 
. ,V3olence of the iron in motion, and to introduce it with regularity. 
‘ .Wet® the gat© formed directly over the moulding, any delicate 
ornaihental work would be worn off by the continued ac^n of the 
iron, though eci-taiiily it may be so placed if the moulding at that 
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p.irt be plain. We noti^ the necessity for a number of gates to 
1 ho moulding. The niioJ^r of these varies with the extent of, the 
^^urfuce of mouldings in gene^i an^.a^ according to their thick-r 
ness. A comparatively deep raotdding might be well filled by 
only one gate, whilst anoth^ of jnat Ibe^.same horizontal surface, 
but shallower, would require two or more gates. In short, there 
must be a.s many gates as are ^requisite to ensure the metal's having 
thorouglily filled the mould when liquid. The iron therefore should 
be run in as quickly as possible to fill the mould completely,jind 
<his is especially to bo attend^ to in cases of light, flat, and .hollow 
mouldings, as in these the extent of the cooling surfece is great 
compared with the depth or thickness of the iron. , 


Heavy Green-Sand Work, 


In taking up the subject of heavy green-sand moulding, we 
enter upon an extensive field of practice, and it will bo necessaiy, 
tis before, to select such examples as appear best adapted to present 
fair gHiK'ral views of the subject. 

In connection with some observations on the practice of green¬ 
sand moulding generally, stated at the conclusion of our nolcs on 
light flat moulding, we must here remark the introduction of a now 
element, namely, powdered coal, into the sand, in a state of simple 
mixture, its office, as before remarked, being to assist the blackening 
ill resisting the penetrating action of the iron. As this action 
exists just so long as the metal continues in a liquid state, the 
bliiekoniiig alone proves suflicient to resist it in cases of light 
moulding; wliereas in heavy mouldings, there being a much greater 
body of midal together, its temperature falls so much the . less 
raj (idly, and it of course continues its action as a liquid for 
a longer period. Consequently coal-powder in addition becomes 
necessary to withstand the attack of, the iron. But, further, the 
]u*oportion proper to be mixed is a mattfer of considerable nicety, 
and is dependent on two circumstanoos: first, the'length of time 


that the liquidity of the metal wntinues lias a simple relation to 
tlio bulkiuess of the metal; ri^Jondly, the temperature of the metal 
on being poured into the m^ld dbes proportionally iiicrc^ase or 
ilimiiiish the original intensity of the\actipn on the sand, as well as 
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afiect this action. iidj^tment of this 

point mn^ bn left to tho skill of tbeiilffi^inan, derived from Lis 
previpT® €3^rience. , 

,, A redniidaney of coal in .tKe m^'toders the surface of tlic 
UaiStihg formed in it faint; thai,i^3is outlines are imperfectly 

_1.— _-.-.13' Ai. j- 


developed, or, to use again 


50 the moulder, the casting 


is not sharp. This is the nat^ml and bh.viohs effect of the repellent 
. power of the superabundant .jgehmted hy the heat from the 
cod. On the contrary, a dehci^pjl^ of coal proves equally hurtful to 
the quality of the casting;, as the gas produced from it is too weak 
to maintain the weU-'haknced lotion of the opponent forces. The 
iron having burnt through/'tbe. blacheniug^ penetrates the sainl, 
wliich at tie surface h^nj^ i^MJorpomted with the metal, and 
produces thereto^b'P^cwJiar tohghness on its iftrface. In order 
to make the edifcrhg in “the Uabst proper manner, the sand and coaJ- 
powder shCnld be mixed, not only in a proportion suited to tlie 
body of the mstal to be cast in the mixture, but also as uniformly 
as possibla ■ , 

Peasemeal 18 not generally used in the ordinary flat mould¬ 
ings, its object being to hold down the blackening applied to 
mouldings of on intricate or ornamental character. Now the 
parts of machinery generally have their surfaces plain, which 
are therefore easily accessible to the trowel and sleeker. 

For large castings, the bed of sand which forms the floor 
of the foundry is ciuamonly used for constructing the moulds, 
serving thereby the purpose of the drag-box. The chief ddect 
entailed by this meth^^d, wl4idh is indispensable in some cases, is 
that tlie moulder has to worfcin s very uncomfortable position. 

Fig. 1 of the Moompsoying;VPlate is an external view of tlie 
bed-plate, showing Ihe lippW :^r%fe of an early form of higli- 
pressure engine, by no meahs tp^be imitated, but merely 

,;^iyen here for illustratioi^;' jt 1 ^" ari^ to maintain six 
V^umns, surmounted by im'At one end, b, a ilat 
',%m for supporting the cyhnd^^ljjj^ the plate, stiffened 
!-,%• a deep flange at the edg^ ’ i' - ■ - 

It i$ ^ general practice in f<[3i^&|o :^p8e of the moulding 


8p'that thpto parts of the cas:^ 


i^ whi^ the greater 


'qnauity:^:#eM exists way greater 
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Rrciirity is found for tUd‘^sou|idaGSB of castings ftt tlie more im¬ 
portant parts. - ' ' 

•*• * w'Ap? 'fY*' ' ■ V * , 

Now the bod-plate open on the 

under side, as may be seen 4; and this 

is particularly the case in mj^efh It ought ^erefure 

io bo cast with that side 

statement. '■ \ ".v 

For reasons which pk)ceed,the 

pattern of the bed-pkte/’of tlii^hie' fbrm ndt made 

open like the bed on the undfisr surfahe. , Neither are^ the oblong 
blank spaces, shown in the sides, e?feoul6d in the patteripc; its cross- 
section at every point is a four-sid^ figurh. This form* of pattern 
in Die sand will, of course, leate^a plain dp^ |(pace of the same 
Ijrcadtb as itself. Cores of sand, of the form of the internal void,, 
must therefore he introduced into themonlding'tocomplete the figure 
< >f the casting. Fig. 8 exhibits the und^ side of the pattern. At * 
a the patterns of the steam-ways are placed. They are not fixed 
to the surface on which they stand, but ai’e amply prevented from 
shifting laterally by small pins or snugs. They are made solid, so 
that tliey too, like the plate itself, require to be cored out, and 
accordingly the prints for securing the cores in their positions are 
added to the patterns of the flange, which itself is attached loosely 
to the pipe patterns. On the opposite side of the main pattelh, 
prints are likewise fastened to receive the; cores for the column 
sockets, Fig. 7, and to the snugs, s $, ele., to core out the holes in, 
them. ' ; 

A level bed in the san^ upon the fipor, of sufidoient extent^vis 
in the fir4 place prepared for the pattern;! is then set dowh' 
upon it and well bedded in its place, whit^Tifit blo^ 

given to it over the s^aw; the object b^ngjto, forfo'ft 'fcCmpIete 
impression of the under sjirfaoe of tl?ie..^ttertt|.f ;^nd;^ 
laid in and rammed alK>ut the patternji^.^l adeai bioughk 

up fiusli with tlie upper side, surfiioe, 

on which the parting Blind isAtreweii;;'^?'_^jy\'^^^ 

The next siago of tli« lx« or boxes 

over the pattern, ai4 fo fi^i^ of wcHid 

driven into the floor,'accurately 

to embrace 


when moved. If th^' i» nbt 
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the whole of the pattern, two or more sm^lluf boxes are placed eii«l 
to end over it, restjug upon th^ sand f§i!^Bal to the moulding, and 
answering the purpose of. a single']^ The ramming of these 

J^xes is, conducted in thefisual manner, except at the end A. 

, . Y. 33ere it is evident thatjisf th 0 .]^atform or cylinder plate is now 
on the under side of this, ^tted^* ^ body of sand filling the 
space immediately above! it l^ied of the upper side must bo 

lifted out to get the' pattOimj remp^ At the same time, tho 
weight of such a deep bodjr jif sand adhering to that in the ovtir- 
lying box, would overcome Ihpir cohesion—it would break away 
altogether. As the,box w therefore incapable of carrying it wdth 
it, it becomes nece^rj^ to have this load- of sand suj)ported by 
independent meafis^' , : , » 

An iron frame is ca^ in open sand of the same form as the 
sunk space, but somewhat smaller, as allowance for the contraction 
of the casting, ,in the course of cooling, must be made to allow 
the plate to be withdrawn after the casting is cxecutt-d. In casr-si 
where this precaution has not been sufficiently attended to, 
jamming of the plate, enclosed on more tlian one side, has hocii 
the natural consequence, and sometimes the doslruetion of the 
casting hy consequent, fracture. In the centre of the frame a 
sufficient opening is allowed for the steam-ways. This fiume is 
laid in the bottom of the recess, and as its under surface now 


faces the moulding, it:rnust be envelop ed on that side in the san<l, 
to protect it from the immediate action of the metal afterwarils 
poured into the mould. ;:■ To!assist its adhesion, the frame or plalo 
is studded on the undier -pide with numerous tooth-like projections, 
which are imbedded,, the saud applied. Sand is now thrown in 
above the plate surrauhdihg the steaiD'-ways and well rammed, its 
parting surface being .made flush with the upper edges of the 
|jfirftern of the pipe-flange iu Ihe centre and of the contigucuis 
^;l^y of sand forming th^ ,%terior part of the moulding, tlu ir 
if.pamng lieing just over the'etiSening fltinge of cylinder botiom. 
, With this, preparation tlie, upper .jboxeia, as already said, are set 


■dowmemd filled. ‘ . 

There are , prepared six moulding gates, the moulding, and 
eight dqw gal^. Of the pouring gates,, o^ by which tlio 
moaldin^;;®,, filled, two are; about 4 feet 
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distant, and two at the cylinder end of the monldiug, while none 
are made at the other eni|j^%is , d^ is necessary on 

account of the heavier nathiJ4,pf at the cylinder end; 

the design of the whole being to hatVO moulding filled uni- ^ 
fornily. The flow gates arO ,di^rihhted,^nally over the moulding. 
These will be again referred ' ';y.1;';-, ‘ . 

Before lifting off the dp^or hoxes^'the ,j4ttem;S)eing now com¬ 
pletely moulded, the latter is so flir. Idc^md in , the sand that this 
may not stick to it, and so spoil,the operation. This is effected by 
gentle jolts communicated to the pattern by means, of one oir more 
pioces of rod iron, which have been Screwed vertically into the -, 
])attern before finally ramming, the sand in.the upper box, or 
wliich merely enters into holes in the pattern. These rods being 
siiflicictitly long to pass out through the sand when the box is 
lilleil, it is upon their npper extremiti^ that the blows of the 
liainnier are given, both vertically mid horizontally, the force 
being regulated by the force and magnitude of the pattern. The 
ro(is, unscrewed if necessary, are now drawn straight out, and the 
u}iper l)ox is in readiness to be lifted smoothly off. 

After the box is removed, the plate and its overlying core of 
sand, as it may be termed, de{)Osited at the recess of the cylinder 
end of tlie pattern, are lifted out of their situations by arms rising 
l.brongli the core, carrying with tliem tho pattern of the steam- 
Avays, which is at liberty to go, for, as we have already noticed, it 
.-lands loose on tho main pattern. That pattern itself is not in 
o!K> ]»i('ce; the flange, whicli is separat^ejU^s, lifted off towards the ■ 
n|)[^er side of the core, and the remainder of the patterju is drawn 
out by the under side. 1’his is evidently the only mode of ex¬ 
tracting the pattern, and shqvys the necessity in such cases of 
constructing pattenis in twenty or .mpre pieces to adapt, them to. 
the exigencies of the case. . ' ' ,,' ' . ■ , 

The parts of the mouli in\the n^hljonrbood of the pati® 
mii^t now, after ^ box is reipoved, & pierced with small holes 
executed by wires traversing the wholeof sand, with a view 
of rendering the moulding more poro^^hnd of facilitating thereby 
the escape of the air and other gasestho mould is also watered 
along the edges to incre^e cpho^^.of,the sand. 

The pattern itseff is hiken it in all its parts at 
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once 


—alb several plaice, so as to be raise 1 in 
a l^bia ibaao ^fe ; is performed by several 

.''tbi^y, tbe one band, strike it 

; ;<*nsta»tly wi®..'tfae, tbtjs coiitibnally clieckiii'? 

;k ^ e^r1»^;ia^' by a'wayjbe sand of tbe 

' 'Tm<ni^'§;|s-|^iiO^ application necessary, 

y as'tbe pattern: iamnob tbe lower moulding tliau 

, in the upper, wbitdi’mouldings generally. 

’ rriiavoidahle degraia|;i^,!|a.'bbe‘i(^ other of the two parts of the 
mould do neverMete:p<ate^, the$e’ the workman repairs with 
damp sand by , 

Th 0 taouldi^,,^li(p|'i^ over the surface by the trow(‘l, 
and a sprinklin^i^-bb^dted is then applied, and polished likewise 
by the tro^d-l./tt';^'boi^^er, omitted for very large castings. 
SometimflB also, avoid using too much chareoal, the 

surlaoes are Kg^iy dn^ted over with sand finely pulverised, 
through a bag. ' fnbulldmg is now ready for the reception of 
the cores, tbe making and depositing of which claim the particular 
attention ojE the. moulder, as the figure of the future casting will 
' very much depend upon his accuracy in these respects. 

Cores of several forms are necessary for the completion of the 
mousing. There are, first, the cores for the column sockets, of 
which there are dx; then the cores for the intermediate portions 
of the bed-plate, of which also there are six, there being two on 
each side between the socket cores, and one at each end; ajjaiii 
t^o cores, for the hpl^g^own bolt-holes in the snugs at tljc 
bases of the tsolnn^nsi;:'^ as for the holes that may be reqiiir(Hl 
^ for tbe bolting dpwn^ pedestal^ etc., to the bed. For all these? 
there are simple the pattei n at the proiur 

, Yplaces, the impfesd(M^'oj^hiqh the sand serve to hold the 

we have abeady the beginning of this 

th% cores must be'^B^:ip- only of exact size and 


, ^ of the vacancies in a c^tlngi .whether p®al or thorough, 
they are intended to fo^.b^fe'allowance must also be made 
' <m the core-prints' wh^ they ai^ ifeces^y. This allow 

provided in-thO .cortei-Jo? ”:lhesockets, foi 


or 
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soclvotg go tbroTigh .the square ia the body and roand 

at each end, ns may be aAirstc^. on ijjferring to Figs, 6 and 7,. 
and to Fig. 0, which is a showing the cores 


ill their places. Fig. 10 is 


sectipH of the moalding, 


taken through the steam-way^;, /// is the sand 

of the iloor, in which the' ,eQDstit »&g ,~ the 

interior as well as the ftXtiio^;^f the 

Column sockets, seen in dottral^lm^^m are tlie 

cores for the steam-ways,. "W^hich in Fig:' 8;'are projecting into 
tlie sand, and below filling the recesses made for them Iqr the 
])i‘iuts. Figa. 3, 4 and d.^plain the shape df them. They are 
i'ormod in boxes, which opmi in two^ for the purpose of extracting 
Ihein. These, with all the other small cores, are dried upon hot 
}ilates, heated hy stoves. At a and e e, the cores are shown, 
forming the spaces in the moulding intended to be vacant. Near 
the under side of each, in Fig. 10, are shown the plates, indicated 
by dark lines, which sustain the cores. The whole, however, must 
bo sustained by the bottoin of the moulding, leaving a space of 
tlic required thickness of the casting. This is effected by placing 
cliaplels there; these are simply strips of sheet iron of small 
lengths but with double knees, thus [. If the depth of these be 
just the thickness of the metal, then by placing' several of them 
iiloiig the bed of the moulding they support the cores placed 
over tlicm, keeping thfe space clear for the metal; of coarse these 
cliaplets will he imbedded in tbe casting, where they are allowed 
lo remain. The double knee cores at both ends of the moulding, 
]l. will bo oSservod in Fig.' 9, are put together, each in three 
jiieces. In constructing th.e cores « etc., plain square bodies 
of sand of the dimensions .qf the 'IhterW of the casting, are in 
the lirst place formed in boxes of the same size, including. 
same time iron framiM env^^iped in the cor^. VHpw, 
cores that are necessary t6'o]bJox^!cig[^ihgs m, the 
the casting are simply .aitai^ed in -IhpH! ; proper 
sides of the main cores,;j,e;^4hs, The;^-^’formed and fixed ou 
by sipiply applying Upon tfefe.]larger j»re box of the form 

required, into whiefi the e^iid ‘ ” 

to the main core; whfai- 


by a straight egge 




^w.,<,thus esausing it to adhere 
the.sand is squared off 
'jof it ' It is evident that 
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if tlie tx)S liltfed off> it leaves its core beiiind it. All the otluT 
Bicjilar cores, having beeii made and sel^ their places, the rnoiiM- 
ing ia fiinally’ dosed, the upper box being replaced, as seen in 
sectibu * 10. This requires tO/ho done cautiously and in a 

tr&ly veirtidd direction, as it now receives the upper ends of 11 le 
core|,|i8 gMph project above:-ihe iaotilding; and also bears upon the 
other iiip, large and stol, whichnot require any additional 
security, ; ' ' ■ *' ^ . 

When convenient, two or more gates are connected to one centtsd 
reservoir, all built on the surface of the sand. Gates'at consklerahlo 
distances from others are usually supplied separately with iron from 
hand-ladles. The other gates, that are comiecied are supplied by 
cranc-ladles, which arc conveyed hy cranes from the cupola to tlie 
moulding. The ladles will be afterwards described. The flow- 
gates, while the metal is being formed, are plugged with cby-balls, 
to “ beep down the air ” in the moulding. These plugs arc drawn 
out when the moulding is filled and the iron flows up. It is thus 
judged whether the casting is complete. The pings must not be pre¬ 
maturely drawn, as hy the too free egress given to the air, tlio bottom 
of the monld is apt to be disturbed by the air confined in the sand. 

When the metal is poured, the “feeders” are immediately 
apjdiod at the flow gates. These are rods of iron wljich are plunged 
into the liquid iron, and wrought up and down in it. Uy tlii-? 
agitative process the liquidity of the iron about the gat i s is of 
longer duration than otherwise maintained. It is therefore eijahled 
to supply itself with additional iron from the flow gates, for it- must 
1)0 underf?toocl that in cooling down large bodies of metal, the 
surface sets, while the interior is liquid; and therefore when the 
interior further contracts, it dra^S in ,tl^ surface metal towards the 
; .^ji^tre, and if not fed as above described, the casting assumes a 
'ar or horieycombbcl structure^ which weakens it considcr- 
To avoid such a result as; far as possible is the object ot 
. Jgitation produced by tbe rod; " ,, 

"-^S^'Amongst the great variety ,of “ Work dominated green-.sand 
&ul<dingi much and varied contrivance is displayed in the structure 
of the moulds. In particular, the management of cores is a matter 
of very, considerable importance, a^d>the 'malfopnation of them is 
a proHflc !^urce of failure in ^ prp&etib^ of squn^ castings. 
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Oi the nse of in nb exaiopte Bos filmdy beea 

«;i\eu m the acconut of tho mooi^mg of Kb engine bed-plate. A 
(1ifl( icjit application will now be d«5enb<jd in relntion to the 
moulding of a lathe^'bed. A, ^ 

h( d a a are the tip|»r sli( Bides, 

tlu'.f 110 connected anil ^8ia|hiiei% ^7 

lulling thorn. The 8arfSu^|i|^a» tn thfCf ^ ^ important 
]) Ills of the lied, arc, accorji^ to the gs^en^ i!til$, monied niider- 
moxt, the object being to Btonre a sound structure at these parts, 
lr(( from blown holes and impurities, which collect^ more or less, 
tow lids the upper bide of every- casting. B, Fig. 147, is a section 
of th( i> itteru and monlding. fThe parts a a are siiuply attached by 
] )os< ])iub to the rest of the pattern, llie first step is to bed tbe 
pit fern, in an inverted position, thoroughly on the floor, which is 
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U \(lied and smoothed all about it Plates h h, extending the whole ^ 
1 iif^tli of the })<itterQ, are set along both std^ oi it, an inch or so ' 
i}) lit to bU])port the sand exterior to the pattern. A senes of small 
rols either of wood or iron, is placed on each plate. These rods 
oM rliaiig it on the side next tbe pattern, from which, however, tliey 
iiiiisi be at some distance. In this way tbe rods form a 
{I ittorm, by whieii tbe sand that would overhang the 
sustained. If of wo^, the rods are dipped in (day^i^ater, 
m ly adhere to the sand The moulding is mSde Up With sand, 
with the pattern within and without. The |>arting iis formed 
covered in by the upper hot as usual^ which being lifted off, 
the pattern havmg tSeen leaned, drawn out, leaving the 
loose pieces a a imbedded m %o^|iMes of sand nno. The 

m is-es 11 n resting o^ the moved awle by 
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-platee upwards. The 



idejrablo depths of sand orr:iir 
in the upper part of ^ wood are planted vertieivlly 

'in tlbe fOass^ teael^g npWd^s'between the riba of the ujipc'r 
boz, thSir object, w^ole body of sand the more 

firmly together.^-,,.'V ,' 

Fig. KSjiltes^^ afhpther interesting and instructive example 
of green-sand^puJding., Tbe main body cores, here shown m 
positkm, previous to being placed in the 

mould, just as batended for a dry-sand mould. It will 

bb observed from fne ctpss-rsectibn that extra precautionary measures 
were adopted, in order to strengthen the core for handling, Ac., 
andidso to facilitate-the free escape of air and gases therefrom, 
which are generatedfduting the casting process. ]b other re?lj)ects 
the moulding .process in this latter example is very similar to llilt 
of the two foregoing.; .In example Fig. 148, owing to the greater 
depth of the nidu|4, df<t;,‘it was considered necessary in order to 
obtain a free vent, to specially prepare the bottom sand-bed, by first 
digging a trenchi considerably wider and deeper than the pattern or 
casting reqnii:bd.V'.'3& bottom of this trench was covered with 
engine ashes as'sbbilra,- ^ a depth of full three inches, pockets, 
FjPyPi somewhat de^^, being formed and alio filled with aslies 
to receive the bottom^hd,^ y^ pipes VP, whiqh were iliree 


.. duches diameter. 


are arranged .'about four feet apart, 
rtofiacilitate thei|^;'esi^|i6 pf the air throughout the lower 
®^' intcndr.of maid cbvbs as well as the gases generated during 
itihg process, I’he outer expired ends project about six iru-hes 
^Ihe pdpt, and should bei' afoppii^ up\tem|orarily with pieces 
straw in onler to prevent sandj ,&p;, from falling into 
J\ them. The bed pjf aSB^fieing-Ibu^ prepared, is now 
witii,fiicing>^d*fe'tiW^ "^ to a depth of from 
, thick,When 
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tliiH latter operation is properlyspaljeis 

^^kedvnp^ and dress^l'^;:. 

.'.'*^i»i1«r'4 >A>cinifoKlA. .y 


each side of pattern are filled,i^' 
sand where necessary, alt i 
off level with the upper ftiee’pf 


hrder'to To3tm; a suitabi^u- 
bed for the top box part, MStlowered'to*'.' 
cmhnice the whole of the ^bmy 

II t 1 ^ yA'l yiiiyi' ■ i 


]iatterii are now covered;^6ye^' with 
page 2'.10, to a depth of one met H orfe 
casting, the remaining in the ,tQ|if:%eX/^art 
up with ordinary floor san^ 


raihm^. n^uld is new 
completed as regards the eaii^^mimng process . ^e guide pins 
Cm l\ i)rcvious to removing top part, should be securely driven into 
the foundry floor and against the lugs L at each corner, to insure 
that the said top box can be replaced, again in exactly the same . 
positioiL, relative to the lower portion of the mould. The removal 
of t lie top box part to one side should be car'efiiliy carried out by 
means of crane-power and suitable slings or chains having hooks 
for c.atching on to the handl^L H, four of which are. cast on to 
the sides of the form siiown^fpV’hen removing the top" box part it 
should l)e turned over before it is laid down at one side, in order 
that the partings or moulded snrfaces be exposed for free access 
during the finishing procesa The gand forming the lower portion 
of the mould, i.e. all filong each side of the pattern, is now pierced 
w ith a pricker so as to form a row of vertical channels V H, about 
three inches apart, the top ends^gf each terminating at>each sidex 
in one continuous channel or gutter G, about three inches from 
t he edges of the mould. The vertical channels V H thus formed 
are shown in the%o33-Beetion down lioth sides of the "mould or 
l>atlern, all of which extend to the bottom, so that 4urin|^he 
(‘usting process the gases in the interior of the mould, 
off freely into these vertical channels and finally.'i^cape at ihe 
various outlet channels 0 C, which extend outwards and beyond 
the sides of top box part, these channels 0 Q being in communi¬ 
cation also with the main, longitudinal cba,nnels or gutters GG , 
already referred to., [‘That Such precauffen^jare ^visable generally , 
ill i^reen-sand, also dry^nd cores in the present 
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or perforations referred to duriii.' 
properties of whicli aio ap})n 
%rti off, tri»ji |tnd yellow-coloured flamo 

tjorue time alt^rwatda,., ‘ 

Varions box parbi ft >tednld are firmly held tofiftlu r 
seams a|:o finall^^j^fite^ tip by means of M)ft lo.im 
^ j in or^ a portion of the liquid inehil 

tuning Airou^b a»4> escti|iag fti these parts just as the mould 
becomes fillcff up. Xhe of"these leakagOI^, apart from the 
annoyance and dangefi is/ that ^e casting produced will }u^o 
larger fins at the parting# tAicn n#ed be. In the present e\amplo, 
l^^ig 14$, the effect of a bad joint between the upper box part and 
lower portion of the motild would be, that the liquid metal as it 
reached the partihg t^ould iealc through it and across the open joint 
until it roaches ihe long gutters Gtr, in communication with the 
various air passages refoited to, the latter of which would thu'> 
become stopped up with metal, and therefore useless for venting so 
that a had casting is the ultimate ij^t. In this example sik li an 
occurrence is avoided, not by Btopp#||t these joints with sott lo ini, 
as already described, but by slightly rfdsing an edge of sand hj me ms 
of the edge of a hand trowid, diawn all along the parting f.ic(', l>t 
tween the inner edges of the mould and the long venting giiitei (t, 
as shown at J J; and to insure that the upper face of box pait is 
touching and compressing this ridge of Bind J sufiicicntly lo ioini 
a jomt, it is previously dusted^ver with light-coloured paiting 
sand, which if touching will adliOTC to the upper face, and will bo 
seen all along the liuo whoa the upper box part is removed tor 
inspection of metal thicknosaeij, &a The paHein with its toie 
prij^, &c., is now removed, and leaves a comparatively largo opi u 
moiled B\> tee. which enaffies th%necessary finishing and blacking 
processes to be conveniently carried out, after which the various 
cores "M C required to form the space, dc, for the metal are < .ich 
lowered down into position by means of tho three eyc'holta still 
i^t bare as shown at 11H H, on mch separate portion of tho mam 
These eyebolts aie connected or Caj^^on to the cast-iron 
fnj^ 01, shown hf le in section, and also in elevation. Kig. 117, 
4. The mam cores, as already mentioned, are made m 
of a #opnr^fe IMcn nbafc box. The sand 
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mixture is that given in pagk ^•)[!l^; c^^ produced ^ 


as shown in cross>sectionJs^ es^^ai 
inj; of sand walls from three . 
hollow portion lacing 
tre may be enabled to .resist * 

Mime time provide for the ein 
rated during the casting pr-qwsess;.,. 
those gases, it will be ob8eirved,% p]^^bfmm^'^^owhwa^df:^^t^^ 


striactoiw, consist':,; 
the interior or ' 
jthajb the 
the 




n|,, boiv'ev^^ with any 


and ashes os described could not be 
reasonable degree of safety, without its breslbing; the main core, 
]\l C is therefore strengthened by means bf a suitable cast-iron 
grating or core iron, of tho form illustrate in Fig. 117, page 334,;.? 
having long vertical spikes 8 arranged' and cast oh along the, 
outer edges so close together as strengthen the, sides of core;, 
sufUeicutly. The necessary lifting rods or eyebolts EB are also 
cast on to the grating in 4^^ relative positions shown, to which 
the ustial ropes or chain slings may be readily fixed, without in any . 
way injuring the core ]>roper. The countersunk holes forni^ 
round the eyes E B (which are of course below the finished surface 
of core) are afterwards filled or patched up with sand; the damp ‘ 
})ortions of sand thtis added must of course be dried before closing 
llie mould and rejilacing top box part. The subseqnent drying of 
llic s<'])arate patches referred to is usually done by applying a reJ- 
liot slab of metal near to the patch of damp sand. The latter 
jiroccss being completed, it is now time to close ti|.e'WJOuld and 
make the necessary arrangements for heails and ru^ii^, in prfw 
that tho casting proci^ i^y be carried out 
metal basin shown is formed by firat pl^n’g 
(usually of cast iron) so as„tb e.mlitrace;t)Le ,t<pb ,g*|ies G, 

^^hi(•h were previously fprmed during the proc^;Jbf;*rainmi«g np^ 
till! sand in the upper box'.part byv,»ieap| '^‘.ant^bly tapered 
wooden pattern pins^ arrai|g^ a8 to 

orm the basin with sai^ 


tiom tho top part and,lt^^',|| 
that they stop up the 
ihc sand or other 


down,^ so • 
preventing ■* 
..' ^.b^opking 
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pas^geft' 'The pitwj thus inyerted will extend sufficiently npwanls^ 
to serve as’patterns for forming the extension of said runncra 
thitougl^ the liiickness of ^and forming the bottom of basin as 
sbowp.' It should also b^observed on the left side, where it is 
iintendird that tb^,metal should be poured into the basin, that tlic 
is betcdled cousiderabily; to,reodve the metal as it drops with- 
li^t splashing, while at the opposite side the face of sand is made 
in order that the of metal as it falls from the ladle 


may not so Teadily run over, the ,oppo8ite side, as otherwise it 
obviously would do. In arranging the metal runners G it is in¬ 
tended that the inefab in falling into the mould should first reaidi 
the bottom of the mould by way-of the spaces forming the vortical 
sides as shown, becauad' if allowed to first full on the upper ilat 
surfaces of the main cores MO, it would cause considerahlo 
sparking and spreading of the metal, some of which would settle 
in the spheroidal form and lie on these surfaces, where it cools 
rapidly, and even solidifies before the mould has become filhul up 
to these higlier levels, and the molten metal has risen sufficiently 
to fill the mould. The various pieces of chilled metal refern d to, 
although considerably heated up again by the surrounding liipiid 
metal, are rarely sufficiently heated that they melt and disappear 
entirely; so that in practice we find those previously chilled por¬ 
tions of metal embedded in the metal of the casting which are the 
uppermost parts when in the mould. The ajipearaiice at the frac¬ 
ture in such cases is known as cold shot, and is often sufficic-nt to 
render the casting useless by its being porous, and especially so 
when required to retain steam, air, hydraulic or other liquid 
pressures. Cold shots are also very objectionable when they occur 
in portions of u casting to be machined, owing to the extroino 
hardness of those embedded piepes of fdiilled metal. 

In order to provide for the free outward passage of the air in 
'the mould when being displaced by the liquid metal during tlu; 
casting process, one or more outlet channels are usually arrangHd 
,at extreme points of the mould, as for instance in this example, 
the tw’o outlets M F shown, the formation of which is similar to 
of makingiUp tho gates Cb j^nd head-piece or metal basin as 
aireadyjdescribed. The height the Bmall box framings is maihi 
tlipisa^jSft tbati'Of th^,large, h^dypieceF. Belore com- 
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moncing to pour tbe metal the vaxl^s outlets M F should be partially 
blocked, as is usual, by placing a ball pf sand rating on a piece of 
paper over each oriiice, so as to slight back pressure, by 


j eason of which tbe otherwise '510^ 


of air and other gabes 


is prevented. These vertical |^8s^a^|PK'F also serve to indicate 
when the mould is Bufficiently fuIl',!ofj at the extreme points , 
by its a])pearance therej'and its iiumcdiatebyerflow into the hollows 
formed at their orifices as shown. The sand-balls ,,;^ferred to are 
Si-mjily floated off their s^t, owing to their ha^g klowpr sp^fic 
.L;i’iiviiy than that of thii'liquid metal rising'to meet them. It 
will be clear, therefore, that when metal js observed io rise in tbe 
iij)<ake channels M F, that it is time 'to stop pouriiig metal into 
llie metal basin, by turning the ladle qui(^y into a vertical' 
position. 

1 during the casting process, and so long as the metal remains 
ill the liquid condition in the mould, there is a considerable ten¬ 
dency to force the top box part upwards by reason of tbe pressure 
of metal due to its vertical head, 'rhis pressure acts in every 
direction as well as upwards as indicated. The floating or upward 
tendency of the cores, as, already fully explained (pages 353 to 
is also transmitted to the upper box part tbrougli tbe studs 
S. so tliat it becomes necessary, in such examples as that illustrated 
in I'ig. 118, to add considerable external weight. In this example 
six weights were applied, each of which weighed about fifteen 
lmiidr(‘dweigbts, placed at suitable points for proper distribution 
as indicated by the varieus arrows W shown. These heavy 
weights are Ubually kept for this purpose, and have suitable lifting 
e\ el tolls cast into them for easy handling. 

In considering the method adopted for holding- doym the main 
core M Cl, it should be observed that tbe said core :ijpnade up of 
.‘^ix separate pieces, placed end to ead so as tp form a corresponding 
iiuiubi'r (»f vertical joints V J shown. 

This mu ill-body core, it will be seen from the cross-section, has 
also a considerable overhang at tbe left side which extends through¬ 


out its length, the effect of which, dur^ t^^riod of fluidity, is 
that tbe core baa a considerable tendency' to jfee or lift off its seat 
(see pages 353 to 302). To resist «nd prevlht tins upward eflbrt, 
tliree malleable studs S,:£ ihe^ djattwfi, Were made to boar down 
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^ MCy.two of which, it will 

above ilie overbangiiig porti(m 


box I 

it of the thicknesS 




He lower eiid projecting to 
^e\%!^Bhtof the thicknes^ip^^^^j^oired, sathat it just touches 
^|’''lQafetal jil^te BP pru'dil^-^ in order that the 

may be distribute Alia, and without which 

iho sand other,jyise migl]® he iftaSily pierced by the points of the 
B^dSjWhen th^' tehde^y e.ttie oore to lift takes place. To insure 
that the Binds S are &meeivei puship upwards through tlio 

Blind in uppeV box . the upper end of each stud S is made to 

bear on aoross-l^r OX-W keeper itself being preventt d 

from rising by having'lSIe't^O ends turned or bent outwards 
as shown, .80 that they miiy b^r hard up against the under edges 
of the two adjacent crOss-bars of the upper cast-iron box part. The 
small iron wedge pieces W, shown between the top end of stud S 
and keeper K, are adopted here to take up any clearance, and make 
the final adjustment for thickness of metal, &c., quite secure. 


Dex-Sand MotrLDING. 

) 

llry*sand moulding, as distinguished from the green-sand pro¬ 
cess just described, is essentially the same, except as regards ihe 
manipnlation of the sand used,, the composition and general pro¬ 
perties of which for dry sand are very»different, and require that 
the mould be thoroughly dried in a suitable stove before it can he 
cast successfully. Dry-sand mixtures, such as those detailed and 
described in pages to 293, it will be seen, contain no com- 
, bustible sul^l^nces (such as cdal^ust or blacking used for grecn- 
.?eaad mixtures). They, are s more 

Tv^handing; but too close. atid 'c<^|wM when in the damp state to 

l;|^nint of ttife e^ape of gases generated by the heat when casting, 

$:iin4'w!|pch after being thoroughly dried -ifecopae harder, stronger, 
|■^^^;auj9eientiy porous, ^ibese and ether prC^rties make the dry- 
;inpre reliable, especially' & tHe larger and more 

work. V ' 


m ramming 
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' ‘ i» k A' ^ ' 

Up does not require tte amount of care 

and skill which are jzhsolhh^y, tteitSMWifjJitt^making a mould in 
green sand; this must not too solt rammed 

ill any part, as the resullt ih irregu- 

lariiies at the surfaoe of sand 

yielding to the presshfe hardl |iljnming will 

t aiisG the skin of the to lift at th^^pisiini^' sa'i^ to produce 
scabs. These and oth^ i^^arently slight in the ram¬ 

ming are olten sufficient' oh^tacles in |he '!Wiij|^>oy' the so-called 
dry-sand moulder to ^^yent Inia from making a casting sue-!- 
ce^isiulJy 111 green sand. ^ 

moulds made from dry-sand misiS^ when dried acquire a 
very lirm and yet open consistency,-owing to the exptilsion of its 
humidity by heat. The moulds* are therefore better able to resist 
the wash of metal on account of their increased strength. Tlie 
absence of dampness makes the presence of honeycombing much 
l(\s8 {irobahle; while, owing to the comparatively low rate of cool¬ 
ing in such moulds, the easting is not so hard at the skin, and is 
therefore more suitable when it has afterwards to be machined. 
All things considered, clean-surfaced, solid, tough, and the best 
(jiiality of castings throughout can be produced with much greater 
certainty in dry-sand than when cast in green-sand moulds. Hence 
it is usually better in the end to mould important castings in dry 
sand, even, when A general form is comparatively simple, and 
more especially so when the casting is in any r^pect intricate, 
sutdi^s, for instance, srmill steam cylinders and similar work. It 
is not always apparent, it should be noted, whether a casting has 
bfcn taken in green sand or dry sand, especially whe||,the green¬ 
sand moulds are carefully prepared and skinned, as indeei it is 
only by the outward, appearance of the skin that yqp’'have any 
conclui^ive evidence.' , , ’ - ** ' 

On account oi the drj'ing proc^,.'and ^mapibiidiBg extra 
handling, it will be seen thaji the pi^ttCtlon of .4ry*8and eastings 
reqfliros .considerably longer rime, which’tbgefther with the cost of 
fiK'l used and extra plant in the fqri^ and other 

such appliances to be jyq^iia, dry- 

sand castings to m green sand. 


'riic latter process' ll 


fnr'cheapness or 
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Speedy delivery when the worh is urgently wanted. Many of tlie 
castinga^ however, required for the smaller -parts of engines, and 
. engineering, purposes generally, are made in green-sand moulds, 
;;:jf6r ihake these in dry-^d inonlds would simply be wasting 
timp aijd napney. There are other forms off castings,’such as 
those of the more ornamental eJiaracter, which are cast in grcen- 
' eand moulds, and, indeed coiild not be .produced with the same 
sharply-defined ornamentations hy the more expensive dry-sand 
methods, because" by the^ latter it requires that the surfaces of 
; the mould be coated with ^ick black^wash; which alone, in many 
^instances, is sufficient..forilliterate the finer impressions; and 
even those that are stllliwll defined are often destroyed or dis¬ 
figured during the handrsleeking process. These objections just 
referred to do not obtain in the green-sand process, becaust; in 
the latter the blacking is added as a powder by simply dusting 
or shaking it from a porous hand-bag held over the siirf;u'f?s 
to ifee coated, the ornamental portions being rarely touched by 
hand, and indeed that is seldom necessary when the patterns are 
properly made to draw clean out of the sand. As indicating Ujo 
suitability or possibilities from greeri-sand moulds, it may be slated 
that often when the pattern is made from, say, mahogany or otlieu 
kinds of wood having a comparatively^ open grain, the grain may 
be distinctly reproduced on the plain surface of the casting. 

Castings made in green-sand moulds are ^Ifoerally much harder 
at the surface, owing to the increased rate of cooling as compared 
witli that in dry-sand moulds, as already stated. ^1^ 

The increased chilling effect in green sand is caused by the 
cold and damp nature of the sand forming such moulds. Tbo 
increased hardness at the surface is chiefly objectionable when tluf 
wistings are to be machined, bh account of the necessaiy reduction 
of tile cutting speed of the machining toplsffor that purpose, and 
the consequent increase in time and cost. This chilling effect, 
moreover, sometimes causes the skin of the casting to ho so hard 
' sthat no steel known can cut it; in such eases the casting, wliicli 
may be otherwise perfect, is only good for scrap, and is afterwards 
added to. the charge of iron to be again in the cupola. 

In g^n-i^d castings there is greater tendency to 

honey«^hii!^ and unsound castjngs gep^tfyi'tlie honeycombing 
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a])pearm^eMrany at tbe tbpfsicj^ of easting. This latter fault 
is ot'lon die to the water from tbe, dampness of tlie green s^d 
being evaporated into steam, wbicb, for want of a freer escape, 
finds its way through th^ li(ju^ metal where it has become 
entrapiied, so as to produce the hcmeycombing often only ex¬ 
posed by hammering or breaking; up. Bach defects are all tlie 
more liable to occur in green-sand moulds in the vicinity of the 
studs or chaplets, especially those placed at the top for holding down 
the core. Tliis, as already pointed out, is due to the steam vapours 
being in the first place condensed on those metal surfaces and again 
eva])oratcd by the beat of. the laolten metal in contact witih it 
during the casting procesa "^A par^prOmedy for this is poinl^, 
out on page 351. The sand in a gr^-sand mould, being much 
weaker than the dried dry-sand mixtures, is therefore more readily 
broken by the wash of the molten metal, and any portion of sand 
thus separated (being lighter or of less specific gravity than that of 
11 le molten metal) will rise and finally lodge at some part of the 
casting near or at the top of the mould, where it wilhl^t as a 
sand core and produce corresponding irregularly shaped hollow 
jMirts in the casting called sand-holes, and that often to such an 
extent that the casting may be unfit for the purpose intended and 
is oondemiied and broken up into scrap. When portions of a 
mould break off as described, the surface of the casting at these 
points is very rough and at the same time jirojecte beyond the 
proper finished surface to the same extent as the depth or thick¬ 
ness of the juece of sand broken off. Such projecting irregular 
jmtehes on the surface of castings are called scabs, the roughness 
»)f the surface of which is due to removal of the finished or blackened 
lace, po that the molten metal comes in direct cjontact with the 
.'«and i*self; the he^t being sufficient to form a fusible compound 
of (#xido of iron W saod (silica) pre^nt>,to which is cemented 
thts adjacent rough ’sand forming the surface of the scab. These 
scabs of metal are always chipped off flush by thh iron dresser, 
when the casting is considered otherwise suitable for its work. 
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bepn shown in ^^jreviona oWpter, is extensively 

'. ___ __-Xl. 


remarks were more wit.li 


;\ria6srshpe td the production of i^liiidrical cc^res. Loam mould iuj; 

however, is quite n disti||^,;b 3 ^qh as compared with tho 
. Qi&r. two branches previously.l^mdepSd. Thus a tradesman who 
Is spwially qualified andhf^a^^, ;in the construction of moulds 
with brick and loam is J«n<:^i|i;t,.wI|if^*‘loam moulder,” as distin¬ 
guished from the green-isti^j^i^.vSi|^ moulders who have 
been already referred to?; 

. Ihe particular provui MIP t^ Ibph moulder is the preparation 
of loam patterns and mjob;P^& Cff certain cast-iron work, by which 
the mould may be^ forpile^ without incurring the expense of llio 
construction of a wood pattern for that purpose. In numerous 
cases the loam moulder also bo}ietructs moulds for which wood 
patterim, could not be readily or economically provided, Tho 
econ(^a|p^i employment, however, of .loain as a substitute for wood 
patterns ahd, sand, is restricted, in general, to the manufaeturf of 
the more regularly shaped work of the foundry. Every variety of 
circular bodies may be done in loam; large square vessels, too, are 
done by the same process, siich'as for instance the larger Rect¬ 
angular condenser casings adopted in marine engineering practice. 
These castings, however, although apparently strengthened satTi- 
ciently by the addition of numerous prqje'cting ribs crossing each 
other, are often found to give way by cracking, duo to the rajud 
changes of temperature tO' which they are subjected when in 
operation, and to resist, which flat ^surfaces are so badly suited, 
lu a great many ;mstances practice how is to have the con¬ 
denser easing of cylindnc^ ior^ltt^'also ca^^parately from the 
, engine proper. 


r^rhaps the 




s of the present 


, day loam moulding are those piucim^’ iSimceSfrfully in the produc¬ 
tion oi‘.sn<?h castings as the high Ipw prewure cylinders up to 
J ip diameter of bore, w^h;^h^/bt^ &er jOf the various 

\br. eomhiiiationS of A’C., now 


'so olj&i=iMfeto;and especiallyengineering 


I raeticcifS? 
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When we consider ;^toih|^Vi)orti^^ snch 

moulds require .1^ ,1^ 1^l:en'i^^r|il'|t^ lo ^^Utate the remoral 
of the many .( 


stitting of cores, tliegiz© and 'igt3|&|^|^'Wnii^ considerably; 

llie many and varied fbrtna'^ ttdld^ rings,, gratings 

and plates required for——-x:..-.i— 


'^et'^Comparatively 

Aveak structure of loamti'faid ’.li^C^;; 

arrangements to be cam^^-wt . d the 

various cores and other ilie-nfohld’ wliich will be more or 

less submerged or surrof|i|^j^ 'With nibiteh met^-; the apeciitl 
i4)arkiiigs re quired to insur^Bfe the ^rious portions of the mould 
and cores referred to may to rettumCd to their proper relaiav^ 
j)<)sition3 wilh the utmost certainty; the proper arrangement of 
tlie required number and size of gat^, risers, &c.i also the many 
and varied precautionary measures to be adopted from time to time 
during the progress of the work, in order to insure a successful 
casting with any degree of certainty; ‘then it must be allowed 
that to lead and direct successfully such operations requires a man 
not only endowed with the highest standard of intelligence and 
ingenuity, but guided also by lengthened experience. 

Every piece of loam moulding, of any considerable extent, is a 
rpgj||^rly built struotufe, being composed of bricks, arranged in 
layers and bedded in losim, in which they are also entirely en- 
vclo])t‘d, particularly on tho^ sides contiguous to the mould* The 
composition of loam demands strict attention, varied, as it requires: 
to be, suitably to the numqipas applications of; loam.as detailed in 
jmges 21)4 to 297. Two i®spensable qualities'^are those of firm¬ 
ness and porosity, TIio first is evidently necass^, 'considering 
the very great hydrostatic pressure *to which, jp |^ge castings, 
mouliliugs are suhje^ed, wliile the iron is^ Hqoid^r;';;il^,d again, the 
copious effusion of'feesff from the mould, aria^ 


of the lieat of the casf;^3^en4^ra. it 


to provide 


fc>r their escape throughofis pro¬ 
vided for in the pdmsit^^J^|hb; tBaSs,'Wj^^ be in 

such a degree as ^ the gases 

evolved, while the fluid. 

To fulfil the^ are principally 

elay and clean 'sharp; 'tke opposed in their 
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nature,’as coniateractives. Tbe clay is tlio bindiii':; 

tbe loam , derives its,^j6?iafte8atbo pjuuI 
inoflnlates its clpsenesa, and' renders tbe loain 
openin' tbe gi^, ■ Thus both these eiements are essential in tlie 
dctoipc^ition of tbe substance. Gow-bair also, obtained from bides 
of cattle by tanning, is mixed m loamj it answers two purposes, 
In tbe first instance, wbi^..tbe,raw loam is being moulded into tlu? 
form desired, the hair assists tbe't^city of tbe parts of the loam, 
which is often largely charged witbvi water. Again, when loam 
work is baked in the stove, Which l^jfees is raised to the greatest 
attainable temperature, the hair is out of the loam, and, ot 
course, leaves its own empty rtrack. “the mould is thus perforated 
in all directions throughout by these artificial sinuosities ; and in 
this way the openness of the mould is very much increas('d. 
Millseed, saw-dust, horse-hair and straw, especially the last, aio 
also extensively used in the formation of loam cores. It ought to 
he understood that loam cores must be completely dried and burnt 
before they can be serviceable; the object being to anticipate the 
work of the hot-iron with which they must afterwards come into 
contact, by expelling completely their humidity, and the occasional 
gases originated by the burning of their combustible matter. Were 
this precaution not taken, particularly for cores much coi|||Led, 
they would be broken up by tbe sudden generation of confined air, 
which could not escape as suddenly. It may be as well to statu 
here that the general results of the action of melted iron on the 
mould are carboniC 'Ucid, carbonic oxid||,and carhuretted hydrogen. 
In the first place, tiiie carbon constituffig the blackening us(*d in 
all moulds, and the coal-powder in green-sand moulds, seizes and 
conibiues with the oxygen ofi the aqueous particles in the noigli- 
bourhood, formiug a mixture of carbonic acid and oxide; tlio 
hydrogen of the water thus let loose cotti^ines with another 
portion of carbon, producing carhuretted’'liydrogen, Wliich, wiili 
the caybbnic oxide, burns with a yUfeh-yeUow flame on coming 
jittb cqntaet with tbe external 

For all varieties of circular hodi^' qr such as niay be descrilred 
round;, quo axis, a board is cut on nne e^gc to the exact Ibnn 

cut to the 
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form of the interior space. iL-central spindle is erected, which is 
io represent tbe centre of the he moulded; to this spindle 

omi or more arms are screwed, with glands, by which the 

loam board, as it is termed, is set! afctiie proper radial distance from 
the centre, and firmly tixed to it. The whhleb^g in this condition 
iurned round the centre, it is ohHoufe figure of the body 

will he described. With thip gener^^ il^.we shall proceed to 
particular description. 

Large it on pans used iik eoda, sugar, and other chemical manu> 
i'actui es, are amongst the mo&$ j^miliax examples of loam moulding, 
and us they arc in themsehi^ b^amctiTe specimens of this kind of 
work, they shall IjO Selected as oor first illustration. 

A, J’’ig. .141), is a general view of a common shaped sugar pan. 
'I’lie portion a h, constituting th® P®®, is ® simple spherical cone, 


and b c is the brim. 

The pan is moulded and cast in an inverted position, similar to 
the Irish pots, already described. In the first place, then, a cast- 
iron ring d d, at F, Fig. 141), is levelled upon blocks, which raise 
it otr the floor of the foundry, and is placed concentric with a 
splmlle h\ which stands upright, being placed at the under end in 
a cast-iron step sunk in the floor, and stayed at the upper end in 
a hush on the end of a bracket e\ which projects from the wall, 
and turns horizontally upon pivots. The spindle thus stayed is 
I roe to move round in both directions. To prevent the bracket from 
moving on its juvots, it is linked by the extremity to the wall. A 
(orked arm d is fixed upon the spindle by an eye at one end, 
tightened by a pinching screw. Iletween the branches of this 
aim the loiim hoard e is set, and fixed by glands in the required 
])<ihitu>n. 

At B, Fig. 149, we have represented the oujklines to which 
loam boards are cut; ahe is the figure of the surface of 


llic pan, hcl being the axis. ;^.A « is, in tlrejfiist place, cut 

to ilie semi-outline of the i*nd lurtlii^r, additional 

cheek 0 , which turns out a cdr^sponding the mould, the 

objt'ct of which is to supprt t^ Overlying part of the mould on 
its horizontal surface, and to aCt ;effcerwa,rd^ by its vertical sur¬ 


face, as a guide in 
the same way cut to ihe ^t 


Another board / is in 
. o| |he pfiJiij with a check. 
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prcei.sn]y similar to the one .in the board e, and tbns it act 
as a guide in setting the second board. 

At C, Fig. 149, is a vertic^ fiction of the work in the first 
8t:ige of its progress. Upon the ring n' a' a kind of dome is, in 
ilit^ first place, built of bricks and loam, generally some four inches 
rliick. The moulder is guided in the construction of this dome 
by the interior loam board, sustained by the spiudle. The external 
surface ruiglit to be everywhere about two inches distant from tbe 
sin fjicc described by tbe board e e. Before building up the dome 
to tlie crown, coals are placed in the floor within it, which are 
afterwards kindled for drying the work. The crown is then nearly 
r'onijdeted, leaving only a small space round the spindle, to allow 
of ventilation when the combustion within is going on. By this 
a])ertnrG the moulder is enabled to manage his fire, so as to check" 
ils j)rogress, if necessary. The consumption ought to be very slow, 
so as to allow of the heat taking efft*ct upon the entire mass. 

Over the brick dome a pasty layer of core loam o o' is applied; 
ihr it is in fact the core that is now being formed. The surfaceda 
iluislied off by a smoothing coating of wet loam, the redundancies 
all over tbe surface being swept off by the board in its revolution. 
I’pnu this surface the inside of the jtan is east. The fire is now 
kindled, and as the surface of the mould becomes dry, it is painted 
over by a brush with a mixture of water and charcoal powder, 
witli a little clay additional. This operation prevents adhesion 
between the surfaces of the core and the coat of loam applied 
to it. 

'Tlie airo board having l)een removetl, it is replaced, as shown 
at Fig. 149, by the thickness board /, shown at B, of which 
tbo i«lge describes tbe external surface of the pan, and, as already 
remarked, simply rubs against the knee formed round tbe base of 
11 10 core. Another layer of loam a’u*’ is thmi spread over the 
core, and Is rounded off properly by the board similarly to the core 
il>elf. When well dxied it is blackwashed, as was done to the 
core. The upright spindle iSoUow 'temovcd, leaving the small 
vent-hole through which it pOvSi^d i'J .promote the complete com- 
biiKtiou of the coal. This is now laid horizontally upon the ears 
of tlio platform d' d\ as shown -at 0, another platform siniilar^ to 
the former, but sufficiently large, over the moulding already 
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cxo ^pi i'''vA i^w kyor of loaiOi two inches thick, is laid over the 
jSmootbed by hmA, Tben, upon the second ])Iat- 
lorin, A brick vault is coustrnckd as before, of wbicli the iuncr 
surface applies to the new coat of l(^m. This contracts a strong 
adherence with the bricks, which, absorb a part of its moisture, 
whUe the coat of paint preyents.jk adherence to the thickness. 
The brick and loam coyer^ are named the cope. 

The structure is thos compleb^ so far as the formation of it is 
concerned. The whole n^ase jhast now be thoroughly baked hy 
the continuance of the fire.. Btoves are preferred to internal Urns 
where they are large enough to receive the work. The intense 
heat, however, necessary to the preparation of many cores, placed 
in confined parts of moulds, is not essential to such cores as the 
above-described, where there is so free a space within it for the 
escape of air. 

Cast-iron bars may he substituted for the brick forming tlie 
cope. These “irons” must, of course, have the curved form of 
Hie dome to which they apply, being arranged so as to convei*go 
towards the crown. They are simply run off in open sand, whi n 
required, with snugs cast upon them, by which4110 cope may ])e 
lifted off. They are bedded in the external coat of loam, wliicli 
is smoothed over them, and bound together by wires and bands of 
hoop-iron. 

The next step is to lift off the cope, which is done with tlio 
’^assistance of a cnina This being effected, access is had to tlu' 
interior, and the thickness is easily broken away wdtbout any 
injury to the mould; this thickness forming, in fact, the pattfin 
of the pan, it is evident that when the cope is replaced exactly, 
which it may he hy the guidance of the knee before described, 
there will be a sp^ within to ,be filled with metal; this space is 
the true form#f the pan.'^' ^Before replacing the cope, the vnit 
apeHure in the core is filled up and smoothed over, though the 
. .^ne in the wipe is left opeu to serve afterwards as a gate for the 
r^ption of the metal. i , , 

The cope being reset, and-)(^k|^ firmly to the core by douhle 
knees, and wedges, embracing^ j^ngs, the';^hple is removed te 
ilk |Ut wbiob it is sunk, up tightly with sand hy 

iron rammers,^which are % Wf-a^oaen or more nu n, 
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wbo walk regularly round, toping time witb their 

rammers, A, Fig. life, pige and dealing heavy and light 
blows alternately, while one, or two ato shovel in 

additional sand as required. , Afe FJ; Fig, l,49,>is a .verti^^ section 
of the pit, showing the manner, m whto it, -wrai^gl^. A space 
sulhciently deep is first clear^ ;^p^';ahd'^ bottom a 

passage a* a* is cut, and overhud'With- pktes, having only an 
open part in the centre wlto connects it vnth interior space 
in the mould. Two pipes el^ $ I are n^t laid in against the sides 
of the pit, communicating wjlth the channel a* When the 
mould is lowered into its position in the centre as indicated, and 
the sand rammed about it in the way already described, an oblong 
shallow trough-like cavity e » formed in the surface of the tod, 
one end of which opens into the gate-hole of the mould, which is 
cdosod by a pin while the ramming is proceeded with. 

The channel a* a* and the pipes fulfil the very important 
purjiose of venting the air confined in the hollow space, together 
i\itli what is forced through the substance of the core when the 
metal is poured. Now, as a large quantity of inflammable gas is 
driven o(l‘, its union with the atmospheiic air in the chambers 
below forms a dangerous explosive mixture, which, rushing out 
of the openings 11, might be inflamed by accident, and, if not, 
prevented, would blow up tlie whole work with irresistible force. 
I’o prevent such an occurrence, the vents are stopped at f / with 
plugs of straw or mill waste, or simply covered with pieces of fine 
wile sieve; the gas passing thi-ough these before being exposed to 
any accidental inflanimatiou, security from explosion is rendered 


c(U’tain, as flame cannot pass through their interstices. The 
jiriiiciplo alluded to is familiar to all, os exemplified ih the Davy 
lamp, in ^ Inch the flame in the interior k intercepted by* n wire- 
gauze medium. , s 

^When the metal has.becin‘ poureitoditotoll set, casting 

is cleared out as quickly, as; possible, ; account of the con¬ 

traction it undergoes, it is a|^ ,tQ gidn upon idle . Confined 
cores are always barken'np\ ^^ may be, 


especially when their form 


resist 


force. 


When the object -to h^.^^;|ci6||^^^ 


I S ^ U'-T A ■< 

l2 1. '■ A' — j , ^ ‘ I' 


compressive. 


more complicated 

Y'i, 2 E 2 
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foi:^s chosen for the sake of illustration, it ig 

alwfi^l|% knfdo^otis processes that the workman constructs liis 
loam hut his sagacity must hit upon modes of executing 

‘ many things which at first sight appear to he scarcely possihle. 
Thim when the forms of tlie interior and ei^terior do not permit 
' jbtie moulidB to be separated .'in ttm pieces, it is divided into several, 
which are nicely fitted with adjusting pins. More than two cast- 
iron rings or platforms are sbihetimea necessary. When ovals or 
angular surfaces ore to be traced instead of those of revolution, no 
upright spindle is employed, but wooden or cast-iron guides made 
on purpose^along which the pt^ttern cut-out board is slid according 
to the drawing of the ptecel In addition to brickwork, iron wires 
or claws are often interspersed through the work to increase its 
adhesion. When parts of a mould are higher than that portion 
immediately under the gate, flow-gates are usually adapted to such 
parts, by which they may bo relieve^l of the impurities that would 
be apt to lodge there. Such a case is that of a flattish bottomed 
boiler, of which the bottom is hollow externally. 

Our second example of loam mouldings shall bo that of a largo 
steam cylinder. At A, Fig. 150, is a side elevation of one; at ]> 
is a sectional elevation; C reprasents a horizontal section taken 
through the centre of the exhaust steam passage; a a are tlio 
steam passages to the cylinder, lb the exhaust passage, all uniting 
in the face x \ d\a the outlet from the passage h b. 

It is to be noted that the body of the cylinder is round, while 
the base or bottom flange e c is square, and the face fxf, con¬ 
taining the steam-ways, is supplementary to the main part, as also 
the stiffening feathem for strengthening the hose. J'or these 
parts, then, patterns in wood are made adapted to fit the loam 
work. I) and E are front and side views of the pattern of the part 
jT/, having core-prints o c <J, fo? the.neual purpose of steadying 
,' the cores. ‘ ' * 

As the upper flange of a cylinder, such as the one now de- 
.^ribed, is generally smaller than ^arnnder one, and more exposed 
' ib'view,,-tbe cylinder is usually c^t in an iui^ted position to have 
^e fiaflge solid. Accordi^. to the method now most 

g^ie 3 fti^;ifid^fjed for mottl^ing eppe or external out¬ 

line istoOT^ ifi the first place by ah Interior loam board cut to the 
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iorni on the outer edga Thus, th#b^ is first consthiotod, after 
^Y}lich it is removed, and on the e^e centre^ the core or interior 
outline is formed by an external loath board cut on the inner edge. 
If the cope be replaced concentiic with the oor^^they will include 
between them a vacant space, being the; jie^iMgure of the 
cylinder. At F we have repr^ented the '^rei^PI;l^ges of the 
work ; the core-ring a' a\ seen in action, being pf the dimensions 
necessiiry for the work, is first ,4md down concentric with the 
spindle and levelled oflf thp ground upon blocks.' ^ arm c', 
projecting from the spindle, the loam board d' by glands 

cmbracdiig two arms nailed upon it. This board '^^ut, to form 
th(5 bearing e' of brick and loam for the core^ the bearing jyc ting 
also l)y its sloping edge as a guard in closing the mould. 

Its upper surface now forms the lower side of the cylinder 
fl.'inge. The hoard is then altered as shown atf on the opposite side, 
so as to form the flange f, which is made simply of loam. This is 
the second stage of the work, and the flange must he dried like the 
bearing before it, to prepare for the next stage. It is necessary 
to Lrm the flange singly, to be an additional bearing upon which 
the superstructure is founded. If it were cut at once out of the 
c-opo, the overhanging loam must give way. 

The arm c' is now shifted np along the spindle sufficiently high 
for the next operation represented at G, Fig. 150. A loam board d 
is cut to the form of that part of the cylinder included between the 
extreme flanges, these themselves, as we have stated, being made 
of loam and wood. The board includes the exterior outline of the 
circular exhaust passage; and it will be seen that, .when set in 
motion, it touches the flange at the bottom, and a horizontal piece 
1 projects from it to the top, to sweep a flat surface on the cope, 
upon which the square flange is to be laid. The arm c' is assisted 
in holding tlie board, by two pieces of iron at the bottom, screwed 
together upon the spindte and the board, the cope-ring h having 
been laid down upon the core-ring a a\ surrounding the bearing e, 
with a little space between iihem. The steam-way pattern, shown 
at J and K, is set. in its |dace in an inverted position, resting on 
the flange i. Its precise position will be ascertained by the loam 
board, which ought to touch it when it passes round. The build¬ 
ing is commeneed upoU the co^-riug; ^d having been raised 
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upon nii^^ is be^drd on the building, lying 

, wi% a segment cot oiit of it sufficieut to 

' patterns ou both sides. Upon this ring the 

. till near the under side of the exhaust pas- 

a siihilar ringp'^ is b^ded on the structure, 
a^iently to sustiv ii tlie building round the passiige, 
^ at wl^b plac^;^ ip !cl|meter, Having built up the heiglit 

of ^e passage indicated bj^'^'^^board, a layer of loam on the top 
‘isuwept the upper' side, of ^he projection, by means of a 

.stick naile^Kthe boards This forms a parting surface, by which 
the 00 ^ is. m^ded into two parts, the necessity of which is apparent 
ou .g^sidcring the method of placing the cores for the exhaust 
pasffl^, ' After blaokwasbing the surface, a third ring w, with 
projecting snugs op its nm, is laid over it, being faced, however, 
with a layer of loam to protect it from the melted iron. The 
building" is coniinued upon this plate till it reaches the top, when it 
is succeeded by another plate n, of a square external form, and 
somewhat larger than the square base plate of the casting im¬ 
mediately over it. The building is finally carried up to the 
horizontal piece f, which smoothes off the upper surface with loam. 

Jt will be remembered that the mould is, on one side, cut longi¬ 
tudinally throughout by the pattern of the steam-ways. On that 
side therefore it has to be completed; this object is attained by 
providing a cast-iron plate, done in open sand, fitting generally tlio 
interior of the pattern, and having three openings, through which 
the core-prints are passed when the plate is applied. It is daul>ed 
all over the inner face with stiff loam, and being set up in its place, 
the loam receives the impression of the face of the pattern. Lastly, 
the square flange pattern is laid over the whole, upon the bed 
prepared for it, preceded by the four stiffening flanges, and is sur¬ 
rounded with additional Iomu, flush with its upper side, to form a 
bearing for the top plate. , > 

In the manner thus described, the external figure of the 




cylinder is formed. The whole mot|}^ |rota tl^e^ttom is lifted by 


the pugs on the cope-ring h, off i^ -ij^re-r^^ upon Which the 
two, foyps « and i are left. It is convened to a sufficiently large 
drying be thoroughly dri^. ; ;;,’ • 

be oqp, is a%^opemti<p& easy, as it is 
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a simple cylinder of brick and th^ first place, as the lojtni 

iiiinge i has formed its impression .on.'ithe interior mould under tlie 
]>I:ito /f, it is of no farther use, and is therefore broken away, 
leaviiij^ the bearing clean to receive the epre, ah reprt^ited on the 
riglit side of that paii of the moifid shown at is the loam 
lioaid in its proper position for Ayo^Uing^ havi^^^ iis inner edge 
sot parallel to the spindle, and diameter 6f the cylinder 

roijuired, and simply fixed to theaw^at the top. ' A cylinder of 
brickwork p is first built up, being everywhere an mch dr go clear 
of tlio board. A coat of loam is next laid on as nst^, to fill up 
the clearance and complete the core. The board and tlie spindle 
btiiug removed, the work is lifted away to the stove, on the core- 
riijg a' n', hy the snugs upon its rim. 

The next business of the moulder is the formation of the 
smaller cores, which are to form the winding steam passages to the 
cylinder, of which there are three; the two supply passages a a, 
ami the exhaust passage h. The two former, being of the same 
sliapc, may be formed from ono core-box, seen in plan and section,, 
at 11 and I, for such kinds of cores are utjually formed on three 
side-’, and open on the fourth side to admit the material, which is 
-iir.iped off on this side by the edge of a piece of wood cut to the 
cnilonr of the cor(i, and drawn along upon the sides of the core-box 
iis guides. The core for the exhaust passage is partly circular and 
partly otherwise at the ends. Its formation is thus more compli- 
cjiled than that of tlie other cores. It is made in three parts; the 
(M iitre part annular to embrace the cylinder, and formed by a loam 
board, and the terminations made in core-boxes, and fitted to the 
other. .\t J is a vertical view of the method of making the annular 
core. It is built upon a portable square table convenient for small 
circular work generally, as it may be conveyed to the sto^e j dtfa- 
oiit the necessity of shifting the centre. The spindlenturns^^f a 
conical pivot on its under end, moving in a socket, is the 

only staying it requires. A block a*' a" is first prep^m, being a 
Jilain built ring, of which ^ ,^teri«r;:^:^ootM wiih loam, and 
is made exactly to the isflRor diaineltf df'the^core fed to the 
same depth. 'ITie core, se^ in ^i^!li;t b^ is run upon the out¬ 
side of the block to ife.necessfey ^^hickfic^ in the coiuse of which 
two wrought-iron angular ^^tsSbedfed to the coi-e to impart 
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tUeir thickness to it. At h* is^shown the valvi^fuce portion of the 
cort^ of which aj* is the box, in section, for making it. The round 
core for the short, straight passage d, shown at K, is made of 
loam, being ran up on a ^ort iron centre. ^ 

In the ma^ng of these small cores, as in those of green sand, 
it is necessary ihat they be strengthened with iron rods bent to 
t'leir foim, so as to pass throii^ the heart of them, and finished 
with eyes at their outer ext^dti^, for locking to the face-plate. 
An open passage running through ea(di core is Ibrmed, as in greon- 
sjind cores, by laying pieces of cord along the irons. These 
passages are of great importance, as upon them depends the escape, 
through the openings in the face-plate, of the otherwise coidinod 
air existing in the mould while the metal is being run. The too 
close proximity of these passages, at any point, to the surface of 
the cores must be well guarded against. Jn such a case, the 
melted metal in contact with the core breaks into the interior of it,, 
and intercepts tho air in its escape, which aggnivates the evil by 
forcing it into the body of the metal, and thus rendering the cast¬ 
ing unsolid. The accident even assumes, in some cases, a more 
serious aspect by causing such an agitation in the metal as to 
render the cast utterly useless; indeed, we have even seen the motjd 
already poured almost wholly expelled from the mould, and sent in 
showers through the foundry, the occurrence being entirely attribu¬ 
table to an oversight of the nature referred to. 

At L is a side view in section of the mode of placing and fixing 
the cores for the steam-ways to the cylinder; qq is the face-plate 
lined with stiff loam, which retains the impression of the steam- 
way pattf?.rn ; qq axe the two cores, the nearer ends of which ar<j 
passed through the openings made in the plate for them, and fixi'd 
th^ by small rods passed through the eyes of the stiflening irons. 
TllPends aie made,with shoulders which bear upon tho upper side 
of the pl|l», as shown at L, which may be understood from the 
foim of the prints shown in section K. The horizontal parts of 
the cores aw supported at their, prorar^istance off the loam work 
beneath tbe& by steeples stuck into . 

The mould and, the cores having b^n well dried, they are 
dr^tsed tod; smoothed where necessary, and finished with a coat 
of coiil-powSer. 
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At K is a vertical section of .the whole mould, showing all 
I I 10 parts fitted to one another, so as to con lain among themselves 
tho vacant space, indicated by a white ground, into which the 
luctal is delivered. The mode of depositing and putting together 
the mould is as follows: the mam core p p is lowered upon its 
rings, from which it is never aejwrated, into a pit dug in the floor 
of tlie foundry, sufficiently deep to receive the core below the sur- 
fiice. fl’he exljaust-passage core i^ next depositerl in its exact 
})lace on the top of the lower part of the cope, being sustained 
ill the usual manner off the core by eha[»lets made of two pieces 
of strong hoop-iroii, riveted on the ends of two studs, so as to have 
ilio necessary thickness of space. The lower part of the cope 
thus furnished, is next lowered over the main core into its place 
ii}»on the coro-riiig, thus surrounding the core, and containing 
witli it n space between, as indicated in the figure. Another set of 
clm])lets are deposited upon the exhaust core, which, by being in 
contact with the upper half of the cope when placed ubov’e, prevent 
the core i’rom floating off it^ seai^hen immersed in the flowing 
metal. This is a matter of greater moment than sustaining the 
core from below, as will he apparent on considering the great 
diirereiioes of specific gravities of dry loam and iron. In this case 
the upward effective pressure of the fluid metal upon the core is 
jiroportional to the difference of their specific gravities, which being 
so much in favour of iron, the pressure upwards, sustained by the 
(diiiplets, cannot be much less than the weight of a body of iron of 
tlie same bulk as tlie core. Therefore, as a sivfe general rule, 
c.ha]d(4s are. or ought to he, made of suflieieiit strength to resist the 
\v('ight of a body of iron equal in bul^ to tho core, for the support 
of wbich they are destined. 

The upper part of the cope having been let down into its place, 
tho lacc-plute, with its cores fixed to it, as shown at L, is let down 
ill front of the vacancy in the side of the cope, till it arrives at the 
jaoper height, when it is set close into its place, and the end of 
the exhaust core receives 6^, through the middle open^ in the 
plate, and is sc cur^ on the %1itside by the eye. The ®nch core 
d is then set in and supported on chaplets, and over it a ring or 
cake of loam m I, seen in section In the figure, is placed, being 
strengthened internally with, iron, .lih® the cores. The cuke 
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ofi Icsim forms by , ite inner surface the 


outer surface of tlm 


!E!he mould l^ug all finished below tlm. top, the pit sand is 
ramm^ tigh^y round it, to enable it to withstand the pressure of 
f'tim metal, air^vents being provitladl iu a manner similar to those for 
the pan already de8cril)ed. The t^ plate r r is laid on lastly, holes 
being provided in it for the amission the metal. It is covopmI 
in with sand, through which: j^ages arc led up to form the holes 
to the external surface as runudb or gates. 

Fig. 151 illustrates some of the more important points to Ih) 
observed, and carefully attended to, in the construction of a loam 
mould for plain cylindrical listings and largo diameter sb'am 
cylinders, such as that described in the foregoing. In this illustra¬ 
tion it will be observed that special attention is given to tlio detail 
and general construction of the top plate, and to the formation of 
head piece'' metal gates, and runners, also the necessary holding 
down or binding arrangements, ail of which latter are required to 
be carefully carried out after th* mould proper is said to be closed 
and completed, and previous to the metal being poured. 

In the construction of the loam mould, Fig. 151, just as in tlic 
foregoing example, a strong bottom cast-iron plate B P, with 
four or more lug pieces S, is placed, as shown in section and clt'- 
vation, and on this plate the bricks are laid, coated with loam, and 
the latter swept up as already described to form a l)earing, whicli 
also serves as a parting face. Previous to the building up of the 
cope or outer brickwork shown, a pattern of the bottom fljinge i.s 
swept upon it in loam; the bottom cope ring C E is then placed 
in position shown in section, ^ that the entire cope building may 
afterwards be lifted, relaid, apd handled safely. The building work 
in the cope, it will be seen, is only one brick in thickness wliich is 
strengthened by means of cast-iion building rings about f iricli 
thick laid down after every fom-th course of brick is comjdctrd. 
Oth» building rings arc required according to circumstances, such 
to|^ad where the extra broad dring B R is shown support¬ 
ing covered with loam, oW^bichf/M formed the up])er 

fianga‘: Tbo ct^pe being eompfeted,' il is not®^ he removed from 
its bearip|, before proceeding with't^. ipn-cf^wall of brickwork 
forming:|i^^iimih core. This inner wa^^^will bo observed, has no 
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rani-iron luilding rings such as those used in the cope structure, 
Ix 't'auso, unlike the bursting tendency and characteristic weakness of 
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the cope to resist such, we Lave in the core building a continuouH 
arch of brickwork, which is the best form to resist the comprossiuii 
c»r cphapshig ..teudeticy due to the pressure of the litiuid metiil as 
the mould becomes filled up. It should be observed, however, 
;t^t in this example, owing to its considerable depth, and iho 
oorresponding increase in the pressure of metal to be resisted, 
the lower or bottom end of the core building is strengthened by 
forming an extra thickness of bnckwork, extending upwards thiu'e 
courses. The loam skin of f inch thick is now swept over lln> 
brick facing, and the usual finishing processes complete as in t)i(' 
previous examples. Tbe top part, which is also completed, is now 
laid down in the proper position by means of male and fi'niah* 
bearings shown. This top pait, it will be seen, consisls of a heavy 
cast-iron plate, having long and broad rectangular seetioned spikes 
arranged all over its under side, and at sufiicient distances apart 
to permit of the addition of bricks and loam, used in the making 
lip and finishing of the top part, the spikes being necessary to 
support the brickwork when banging, as in the final position 
shown, and during the building up of the top part. The reqn rod 
number of metal gates G | inch diameter are pitched at 12 inches 
apart, so that the liquid metal enters at regular intervals all 
round, and directly over tb^ thickness or <!ylinder wall siiace, 
in order that it may reach the bottom of the mould in the lir>«t 
place without obstruction, where it immediately gathers, and 
gradually fills up the mould to top, as indicated by the metal 
rising when it appears coming up through the risers arrangtd 
for that purpose. 

The upper portion of the building in this example wln n 
completed, it will be observed, is higher than the foundry flew, 
owing to the depth of the sand pit as shown not being saffieient. 
Uhder such circumstances it becomes necessary to make sonm 
special arrangements to raise tbe sides of the pit, such as by 
means of a series of cast-iron plates all linked together as shown, 
having specially nnaiiged hinged eyes and long nialleahle iron 
pins passing through them, with eyes end in order to 

facilitate ^eir removal when required. JSf this manner with 
snffici^^flates any diameter of pit may be surrounded just as 
with chain, by reason of whi^ these plates ar(‘ known 
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as <‘liain plates. The space all round between the cope bnilding 
and the walls of the sand pit is filled tip with sand to the top 
plate T^, and rammed hard at regular intervals (by means of 
the rammers of the form shown at A, Fig. 106), in order to 
support and resist the pi^Ure of the metal» which tends to 
burst the cope building during the period of liquidity The 
raminiug process here is carried out in stages by a squad of 
labourers with rammers in hand, all beating down the sand in 
legular beats, as if each were counting one, two, three, one, two, 
throe, &c., Ac., a slight break or stop taking place between each 
f-ucf-e.ssive “three” and “one.” Each stage in the ramming-up 
process reierred to consists in refilling over the surface of the 
alre.idy l>eaten down sand by loose floor sand to the extent of 
12 inches, then again heat down to 8 or 9 inches. The proper 
]i:irdiie.»s by raiuining or beating of the successive cx)urses or layera 
of Kjiiid, is judged by an experienced moulder, who rams and also 
marks the time for .ill the others, the number ranging from four 
to eight, according to the extent of work and available woiking 
space. 

The ramming-up process being completed, it is now time to? 
proceed to form the metal-rammer MK and gates G shown by 
making up to a sufficient height with black floor sand, taking 
care to bevel that portion intended to receive the liquid metal -as 
it drops from tlie spout of the ladle, while, 6n the other hand, the 
hice of tlie opposite inner wall should be vertical as sljo\vn; this 
is desirable in order to arrest as much as possible the tendency of 
the metal to overflow, and especially so immediately opposite the 
spout of the ladle, as already pointed out in Fig. 1-18, page loO. 
To prcivent this inner wall of sand being washed away, it is 
stn'iigthencd with bricks, placed on end as shown, so as to form 
!i coulinuous arch or circle. 

In order to prevent the top part being raised by the pressure 
of metal, it is necessa'iy to have it weighted or held down. 'J'he 
usual practice is by means of a strong cast or malleable iron cross, 
beam C1B shown ^^iu position. By the arrangement shown, the 
beam GIB rests attach end oii^top of cast-iron stool pieces C B, 
the latter resting on the cast top plate T P. The upward tendency 
or lift of the plate T P u^der pressure is, therefore, filpsmitted 
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through these piwes C B to the cross-heam 01B, the latter in 
turu beiag held and prevented fi:bm rising by means of tho two 
long maUetible iron binders B, which reach to the bottep of the 
pit^ and are hooked on to correspoDdjpg snugs or lugs S cast on 
bottom plat^ ii P for that pur^e/long binders are placed 
tod held linked in the position shown 'p^ to and during tlic 
filling np and ramming of the pit space as already described. In 
otder that the same hinders may he of general use, and suit various 
depths of mould, it is only necessary to suitably increase or dimimsli 
the htught of making-up pieces C B. The final adjustment and 
jamming up in each example is, made by means of iron wedges 
driven between the bottom edge of cross-beam GIB and the iron 
distance-pieces 0 B, or between the top edge and binders 1^. 
Heavy linked chain hinders are often used instead of the long 
open link form shown. Everything necessary has now been done 
to carry out the casting process successfully. 

In order to prevent the metal in the runner M li rising to an 
unnecessary extent, an overflow is provided by way of the small 
ybole H near the top edge, of one of the chain pUtes as shown, 
pjoon after casting, and everything so far successful, the remaining 
metal, while still sufficiently liquid, is rim off by tapping or sjnkin.g 
a hole in the sand with an iron bar through the hole H shown near 
the centre of one of the chain plates. In this mannr>r the surplus 
metal in the runner is^prevented from solidifying into a tiiick mass 
which would be difficult to break up afterwards into suitable sizes 
for charging the cupola. 

In addition to the examples of loam moulding just rofiured to, 
the castings from which are essentially of cylindrical form, so 
that the various surface® may be swept out by means of sleeker 
boards attached to a vertical spindle os described, and mode to 
revolve about a fixed centre so as to produce what is termed a 
surface of revolution, there are many other examples in which the 
process is very different, such as, for instance, the production of 
rectangular, oval, and many other irregularly shaped castings, the 
surfaces of which cannot be describ^ hy a revolving sleeker. 

; Fi^ 152, for example, is an il^ration of -k straight-moulded 
form ^0 cross-sections, A different dimensions, 

80 tbail|j|^^u:e8 two separate sleejl^^mes or boards S B S' L' 
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OS shown, to fonn the upper developed Borfaces.’ Tlie lower 
side of a loam core or pattern constructed in this manner may 
also be of some special curved or other form by suitably fojming 
the cast-iron building plate BP or template. In the example, 
Fig. 152, the lower the moulded patt^i is curved, this 

form being produced by of specially made builditig plate as 
shown. The sleeker boards S B and S' B', it will be seen, kre cut 
so that the lower end of each side Ifig rests on the edges of the 
curved plate, which latter acts also as a guide for the sleekers 
when being drawn lengthways to form the moulded surfaces re¬ 
quired as shown. The details of construction with core irons CI 
lor strength, venting with ashes F A, and arching of brickwork 



L B, d:c., are all as previously described, and here shown in cross- 
section. 

Tliis process in loam moulding is also generally adopted in the 
absence of suitable patterns for the production of the 'larger sizes 
ol’ special pipes, bends and tee-pieces, required for fee distribution 
of gas, water, and sewage in large cities, say, from 18 inches to 
•18 inches diameter inside, and consists essentially of first making 
the core, and then, by the addition of a coat of loam equal in thick¬ 
ness to the thickness of metal required, also any additional wood 
]»attcrn-pieces, such as flanges, small brackete, or other such sundry 
requirements, we have a pattern of the casting required. When 
this pattern has h^n used and the mould completed, the thickne-ss 
of satili and other ^^tional pattern,-pie(^ referred to are removed^ 
so that the core, as such, iB; noW r^y to be set again into the 
mould towards compk^|^^^: maldng ready for casting, 
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Bounding and casting. 


In this the first point is to Lave a level iron plate set 

upon wMch the work is to be done. Like patterns, the loam woi k 
is to he formed in two halves. The cores are executed in the first 
place, and, when dried, the thicknesses forming the exterior of the 
casting are next laid on. As alresdn^&id, the work is done in 
se|)arate halves, for which purpose setm§Tcular cuts are made in 
^e gauge somewhat similar in form to the sleeker frame S B shown 
in Fig. 152, of which one is smaller than the other, being rcsj)oc- 
tively the measures of the core and of the additional thickness. 

For example, suppose a bend is to he constructed; a plate is 
cast to the form of the knee, against and along the side of which 
, tho gauge is moved. • A quantity of loam and brick being now 
built on the plate in the line of the pipe to be formed, the gauge 
in its progress fashions the surface loam to its own form. Whoii 
the two half cores are in this manner swept up, they are well dri( d 
and blackwashed, after which the gauge is inverted, and additional 
loam is now laid on for thickness, this being likewise sliap<?d to 
the form of the pipe by means of a second gunge or sleeker. Tlie 
, Junction of the body of the pipe and facet, which are of diflerent 
, "diameters, and of course require diflerent swcep.'i, is scraped out 
by a file when the loam is dried; the head on the end of tlio 
facet is either formed by a pattern applied to the moulding, or cut 
out of the cope. 

. The loam pattern being thus completed in two halves, dried and 
blackened, it||s bound together at two or three places by iron wire, 
and betlded half into a sufficient quantity of old loam and brick 
built over the iron plate. The boundary of the loam is built up 
with fragment of cake loam. The bed being smoothed off on each 
side and dried, a layer of watered loam is applied to cover in the 
upper half of the pattern. - As this upper hilf has afterwards 
to be lifted whole, it requires to he strengthened by the addition of 
irons. 

With this in view the heavy cast-iron top plate is made with 
long rectangular spikes cast along the outer edge, some of which are 
formed to suit the shape of mould. By means of these the brick 
.^jl^uctnre set in loam is, in a sense, dovetailed and bound t(^etbcr, 
so that there is no danger of a piece if® own weiglit 

when shi^ded as when the cope off ®od on during 
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lliij fiDisliijig, drying, and pther ^processes requhing it to be 
liiuidlcd. ' 

Tlie building of the work being^^ww completed, the next step 
is to undo it to clear out tbe.thickne’^..** The cope is lifted off 
carefully, leaving the rest work behind it, and this com- 

]il('t<". separiition of the parts is 6he olgepjj for which the blackening 
and charcoal water are applied. Ill the same way the pattern is 
lilted out from the bed of the moulding. The thickness is easily 
broken off the core, leaving the latter entire; the halves of which 
are next bound by wire, and replaced in i;he mould, stayed by 
bearings at the ends, and by steeples intermediately. The cope is 
rtplaced, guided to its former situation by intentional irregulariti^ 
on the jdhetion surface, and is bound by wires laying bold of the 
skeitton to the under plate. 

The gate is formed in the usual manner by a pin stuck in the 
while being formed. 

in the cas(i of large cylinders, for instance, a few hours after 
pouring, as much of the core as can he reached is brought away, 
!^o that the remainder may offer less resistance to the metal. This 
ojieralion is much facilitated if the core is supported by strong 
diagonal slays and ties, which can be easily and quickly knocked 
out of ilioir positions, as the lieat is so great that it is impossible 
for the men to remain long at work. This removal of the core 
ninst, however, be penformod with great caution, as if an entire 
'■mo wore removt^d too quickly, the evil to be guarded against 
would in fact be increased by the sudden cooling. 


jIetal Moulds and other Special Methods in Moulding. 


Moulds made of metal are frequently employed,'iby casting tin, 
load, pewte.r. zinc, and types. Brass or bronze are gene¬ 

rally ])referied for such purposes to iron moulds, as they do not 
corrode, and retain a better polish. Such mouldft are constructed 
on the same principle as sand moulds. If a metal mould is 
dividei^nto several parts, each part should be provided with a 
long handle to protect the hands from the heat of the mould. All 
the parts must he accuratel|' fitted, together, and kept in position 
by means of lugs and by w^ges. 
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:, <3-eti% ,l]&t ihd i^onld Wojra ponring metal into it; tliis 
is eapemliy XK^ie««^.whm metals having a low melting 

point, as &€fy have^ n<H mfcife part with between tho 

melting point, and the temperature;^.^dification. 

Bohah the mbnld after eadl^^jei^^^d rub over with a rag and 
oil or tallow eP as to^siightiy gr^^;ihe &ce of the mould. Bomc- 
timos a him of aahdara^ Beai^f up witli the white of egg is 
applied, particolarly for alloys, / * ’■ 

For single met^s pH or fat is preferaUe. 

Some few obje^ are cast in open mould, so that the upper 
surface of the :dttid metal assumes tho horizontal position tho samo 
as other liquids. As a general rule, however, the metals are cast in 
close moulds, so tibat it becomes necessary to provide oi# or more 
aj>ortures or for pouring in the metal, and other apertuilb to 
allow for the escape of tho air displaced and the gases generated 
by the inflowing metal > 

When these moulds are made of metal they must, except for 
chill castings, he heated suflioiently so as not to chill or solidity the 
fluid metal too hastily; and wbon moulds are made of earthy 
matters, although moisture is required in their formation, it must 
all, or nearly all, he evaporated out before they are tilled with 
molten metal, or explosions of steam will occur. 

Moulds consisting partly of loam or sand and partly of metal 
are freq^iently employed. Small wheels, boshes for cart-wheels, 
&c., receive their bore by being cast over an iron or steel core. 
Such a core-iron is a little tapered, to admit of its being freed from 


the casting by a. smart blow of the hammer. 

The casing must not he allowed to cool down entirely before 
the core is It is generally req;ioved when the casting 

is hot, but ,8p £st cooled to resist the drawing out of the 
core-iron. ^< 

Many of difficulties met with in casting would he got rid of 
if it was possible to prevent the £>rmBtion of gas within the mould 
whilst ponnng and afterwards,; 'Te a certain extent the Americans 
appear to have dope this, MrV ^hbitt uses old fire-hric^|||which, 
aft^ say.ten years’ service, bai^ not cb^ged colour; any fire¬ 
bricksdj^lbured he 

He 'grhdS to powder,pipepl^y as the biiidiug 
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^ S'V' 

material. .He thus gels a te&lu^fy m of which he 
makes his mould j this is heajfced to a, red h^t, and then rcioeives 
the metal whilst red hot. ' It is amd that, ha g^, is generated by 
this process. 

Another Americalfl fonder' 

Devonshire, and tamts it in';hmaiUw 
described. . ^ : 
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.^APTER/XIY; 

J>tATg AT$V MOtTLUINO HAOl^Sa 

' } ' ' ' ' * 1 

Whebe a very small articles, such as door and 

colBn furmtawe,, tfe Wnamen^ nails iUsed by upholsterers, small 
working’ parte of agricultural machines, sewing machines, and th(‘ 
like, are requir^, they are almost always plate moulded, llcsides 
its employment in the production of an infinite variety of the simill 
ware of the hardware trade, plate moulding has certain advantages 
which recommend themselves to the notice of the mechaniciaji 


As a matter of common' occurrence, it is well known that in 
rezqoving the pattern from the sand, much damage is caused both 
to it and'lts impression in the sand by knocking and shaking it, 
in order to get it out.- This damage is vei-y much more serious 
in small pieces than in large ones. The mechanical engineer tries 
to obtain all hia castings so correct, that there is little or no hand 
labour required for fitting them into the framework intended (or 
them. This can oply be doii^' in some instances by resorting to 
plate mouldiing w^ere the pattern is in such a position as to dt'.fy 
injury by sh^kihg.' I^iis kind of moulding is most essential wliero 
every opening or prcgect^pn has to be at a prop^tionato distance 
from the other. - r ' 

In .commenmngopm%i^ a pattern or pattern plate of the 
articles to he cast’ta either in iron, wood, or any 

other suitable material, in .ihe following manner:—The pattern, 
prepared with an allowance-.fpr the thickness, is placed upon a 
suitable hoard, set upon a deepMd solid bed of ^d. A moulding 
box, about 6 inches larger than the pattern eyery way, is t.h('u 
placed upon the board; the pattern being tet fair in the ipiddic, 
it is rangimed up and turned Over another solid bed of sand : Iho 
hoard is tte^ removed and thn jpartlug cate^ly made. The to]> 
part of the.,^x is then put on to tho part jt^teady rammed up. 
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whicL is the drag; the gate pins aregput in suitable places, and 
this also is rammed up. ' , i' 

The two parts; are then separa1«(I,;ftad a framfe ef wood, about 
inch thick and 1.^ inch broad, is placed on tho^p^rtiug, keeping 
iho pattern fair in the middle. The outsid^: pt the frame is made 
up firmly with sand, so as' to resist the pr^ure d the metal; a 
j)i(‘ce of iron, the same thickness as the fcamei 2 inches broad and 
about 4 indies long, is placed on each CQrneT,of, the under part of 
the box or drag, so that when the top part is placed on it, it will 
be raised up the thickness of the frame. ' , 

The frame and patterns are then removed, and the ^ould is 
carefully finished. The top part is afterwards placed upon the 
under part of the box, and the two parts are securely fastened 
together; the metal is then poured into the mould, and the pattern 
])l:ito is prodSced; this plate is formed with four checks on it, 
wbicli are filed and faced to ensure accuracy in the moulding. 
The pattern plate being cast in the manner above describid, it is 
cloiinod up and fitted to the moulding boxes, the pins and sdugs 
of \iliich, and checks, in the plate being all fitted exactly to one 
another. The pattern plate may be used singly, that is. it may 
be turned over with the top part and drag of the moulding box, 
or two plates may bo made, the face impression being taken oflf 
one plate, and the back impression off a different plate. When 
two plates arc used, each plate must be accurately fitted and 
secured to a frame, which may be constructed of wood or iron, 
and furnished with guides, corresponding with the pins and snugs 
of the moulding boxes. The pins of the moulding boxes may be 
either simply faced, or steel fitting strips can be inserted into 
grooves formed in thorn by mandrils. 

Another method of preparing what we may term the working 
plates, when the moulding plate is to be made by casting the 
jiatterns upon the face or faces of a plate, is ta take a copper or 
other metallic plate, the surface of. which hass/been tinned, and 
mould, in an ordinary sand mouldi, the half patterns of the article 
to be cast. The tinned plate being placeii iu the mould box with 
the half mould upon it, fused tin^^ ’or an alloy of tin and lead, is 
run into the mould. There is thiarehy produced a moulding plate 
having on one fi«5C'the half pattens of the articles to be cast. 
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toge^ier xnth nece^s^/^gati^” tha cast ;^ttem8 and gates 
^ iihe tirinsS SHirfece of the plate. . Half patterns 
ate of the plate may be cast siltiultaneoiisly in a 
of cai^ujg tho half plttems simultanc- 
opjfflsfte si4cf pf thehalf patterns cast on ono 
&e plate may'‘w monlding the half patterns to 

be cast on the opposi^ ^de of the plate. By this means, great 
aoenraoy hi the posij^^; ^. i^ patterns oh’opposite sides of 
the plate is ohtaine^v'hag^ons method was introduced by 
Hessie. Ohamher|i^'«|]^ %titl^ 

Th^half pattei^ e^ upon one or on opposite sides of the jdato 
may be made M rbn, instead of tin. In this case, an nneoated iron 
plate is used, and on this iron plate the half patterns and gates arc 
cast. After thh casting process, the plate, the slightly attached 
castings upon it, is plunged for a short time in^a hat#of melted tin, 
the whole becomes coated with tin, and the other pattems*arc fir uly 
attached to the plate. 

"When the patterns and plate are made in one piece by casting, 
the half patterns are moulded, and the half mould is placed in an 
open casting box. By pouring fused metal into the open box a 
plate of the required thickness, with the half patterns upon ono 
face of it^ is produced. When the half patterns are to be produced 
oh opposite sides of the cast plate, two half moulds are taken and 
so adjusted that the distance between them is equal to the thick¬ 
ness of the plate to be cast. By the casting process a pattern or 
monlding plate is product having the half patterns on opposite 
. sideB. ' ,, 

A, Fig. 163, represente a plan of a metallic pattern or moulding 
plate made in either of thef whys described; and Figs. B and C are 
edge views of the sametaken at right angles to one another. The 
pattern plate is here represe^t^ as made with a number of half 
patterns on opposite sides, leaf moulding a series of gas fittings. 

: gates of ihe half pattei^^we marhed a, and the core-prir.ts of 

those articles which are to ec. Moles made at ilio 

corners of the plate. ' ^ ■ 

In order to obtain great ahi^wyi the feces of the moulding 
boxes, which b^ against the pattarn plate, are planed very truly, 
and in addite&.lp the Onlintoy^yii^S' and snags on the half 
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moulding boxes, for bolding^ tbem tightly togeiber during ibe 
moulding and casting operations, in tbei corners of tbe balf- 
monlding boxes, boles are made^’tv^cbr.talce upon studs or pro¬ 
jections on the comers of tbe Qt^r:.Wf moulding box. When 





ScaL'^:^ Thm n 9 m _« 
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tbo pattern plate is placed npop ,i^o,|^ mould, tbe studs 
or projections take' into the boleS/,ip .tW corners of tbe palterii 
plate, and the position of. tbe- pl^ W. tteieby accurately and 
readily determined. Whmt tbe pf^%n pl»fce bas fiius been fitted 
upon tbe half mousing box, tbe upp|rbi^moulding box is placed 
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Upon it and fixed by the pegs and srnigs, when the-sand is rainiued 
in and the pattern moulded from the upper side of the pattern jilatc- 
in the ordinary manner. 

Having moulded the requir^ number of half moulds from the 
upper face of the paittem plate, the mouldiiig boxes are invcrtf d, 
and half moulds are now moulded from the opposite face of the 
plate. 

For some articles, such as brass naife, plates with holes in 
them, for the pattern to go through, and also pulled out by means 
of leverage, are much in vogue. 

The expense incurred in the first place in patterns for plate 
moulding is rather large,‘but so much can be done by the plates, of 
which many duplicates can be in use at the same time, that it has 
come into veiy general use, as year by year the machinists require 
better casts at decreased prices. 

The mode of producing moulds by employing a plate having 
a passage through it exactly fitting the pattern, has long been 
practised in England. The plate is arranged on a table, and 
covered by a box; sand is rammed around the pattern, which at 
that time is caused to project up above the surface of tlic plate, 
and the pattern is subsequently withdrawn, through the hole or 
passage. In many cases the preparation of the plate, just desci il )cd, 
is expensive, particularly when small cog-wheels are moulded in 
this manner, as the holes in the plate should fit accurately over t ho 
pattern. To remedy this, Messrs. Jobson and Kansome introduced 
a plan, by which the opening on tlje jdale is formed soniewliut. 
larger than is required for the passage of the pattern, and without 
reference to its peculiar .contour; and afterwards, when the pattern 
is in its place, a fusible metal, consisting of 8 parts of tin, 4 lead, 
and 1 bismuth, is poured or filled into the space between the 
pattern and the plate. For holding, or retaining tlie introduced 
metal securely within the opening through the plate, various plans, 
such as grooves cut into its thickness, will readily suggest them¬ 
selves to the founder. , -' 

One of ihe advantageous pttltitis to he attained in the successful 
conduct of a foundi'y, is the facility of carrying on work in the 
smallest possible spacie, and this jb more particularly the case in 
towns'whe|:e,ieis a rule, land is especially valuable. Moulding is an 
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operation requiriug considerable space, and with a view of limiting 
tins us much as possible, inonkling machines, for work involving 
imich duplication, have been extensively employed. In addition, 
such machines effect neatness and cleanliness in carrying on tlie 
work, and in a measure obviate the necessity for employing' very 
skilled labour; while the increa^ in the rate-of production affords 
t.he most economical results. 

> . 

Such a mode of moulding as that of Jobson’s, described on 
j>ages oS2 to 385, is a step in this direction; and another is the 
]>rocess introduced by John Bownie in 1856 for moulding pipes^ 
and hollow cast ware, and applictible to a wide range of artiedes, 
gencriillv of cvUruU’ical or spherical form. 

Th(i internal puttem is made separately in core-boxes or other- 
wi'^e in the ordinary manner; but the pattern for producing the 
external portions of the mould is fitted with a cam, in the form 
(if a collar, resting upon adjustable bearings in the framework of 
th(‘ table on which the moulding flasks are rammed; a p)rtion 
ttf the cam is concentric with the axis of the pattern, and the 
remainder eccentric so as to elevate the pattern between the 
edges of the moulding table, and withdraw it again accurately 
lowering. 

The apparatus employed for this purpose is shown iu Fig. 154, 
which represents it arranged for moulding a 28-iiich socket pipe. 

The moulding table It has two edges S S of its face, sliovvn 
dot fed, shaped so as exactly to fit the pattern when the latter is 
rais<"d with its axis level with the edges S, as at D. The pattern 
is fitted with a cam or collar U, at each end of which the portion 
from V to X is concentric with the axis of the pattern, and the 
remainder eccentric. The cam TJ rests npon the adjustable bearing 
Y, and the axis of the pattern is guided by vertical slots in the 
cuds of the moulding table. On causing the pattern to rotate, 
the eccentric portion of the cam, acting on the bearing Y, gradually 
raises the pattern till it bears on the point Y of the cam, when the 
pattern is iu its highest position, with its centre line level with the 
edges S of the moulding table, shown at D. The flask Z is then 
jdaced on the table and rammed up so as to form one half of the 
mould, and the two faces SS of the table form the parting surface 
of the mould, being made fair tt& purpose by planing, turning, 
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other m^s. The further rotation of the pattern upon the, 
concenteie portdcm of the earn from V to X, retains it in contact 
withihe mould, and thus sleeks, smooth^ or fiinishea the mould, 
until to reaolnng the point X, the pattern is gradually withdrawn 
at £; the flask Z may then be removed Without , danger of injury 
to the parting or junOtion surfooe,'ready for closing and casting 
in the ususa’inanner. i !' ^ ' 

The same principle has also ^to adopted for making cores 
or internal moulds,,%y employing a core barrel made in thret* 


Lon^iiditnal Section^, 
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portions, two of which ate hinged upon the third; the centre spindlo 
is fitted with cams of the form ahoYe described, which act upon a 
V-piece inserted between the tvfo free edges of the core hand. 
By turning the centre spindle the;'^-piece is pushed out or drawn 
in, thereby expanding the cor^h^pel or contracting it as requirfjd ; 
by this means the use of stratij' yjtoy in core-making is dispensed 

pots and 
the mould 




By^applying this^method to^ktouMing three-legged 


pieces of 


other ai tides of this 
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arc put together, ” checks,” ^ch 6S required ia the 

ordinary plans of moulding suctt artide^Pl'p^ta^^u^ partings 

of the moulds, are by the plan dispensed mth, and 

the ugly scar left by them on casting is i instead 

of the flasks being required in l^ur pieces 
arc sufficient, the external mould beingl n^o^fii two halves with 
plugs inserted for the legs. .Consequently several si^ of pots 
may be made with the Same sized Sasks; and, while the plant 
is otherwise simplified and r^iiced in cost, inc!reB^ .effici^cy u ' 
obtained, since by this arrangement little or no dteetionary power, 
is left in the hands of the workman.. ■ ' 

A moulding machine of most ingenious construction was intro^' 
dneed some years since by R. Jobson. It is shown in Fig. ISA 
A A is the moulding table or bed, consisting of a rectangular 
cast-iron box, open at top and bottom, and furnished with a large 
cylindrical axis B B at each end, 6 inches diameter, turning in 
I leari^gs on the side frames C C. The axes are probnged at the 
ends, and counterbalance weights D D attached to them by arms, 
which can readily he adjusted by lengthening or shortening, so - 
as to balfince the table with the mould upon it, leaving it free 
fo turn upon the axes. The table turns half round, as shown by 
tlio two positions in the end elevations, being prevented from 
luruing farther by stops EE, upoH the ends of the moulding 
table, which catch in notches on the top of the frame C. On 
Iho top of the table A a plate F is fixed by screw-holts, carrying 
the moulding box G, which is secured uponl it by two inclined 
catches with handles H H, the plate F forming the ramming 
hoard upon which the pattern I is fixed, and the moulding sand 
ramuK^ upon it in the ordinary way. The machine is ifiiowii as 
arranged for forming 8-ineh mortar-shells, the b^ang a. 

liemisphcre; any other pattern or form of fiask ii|^ti|^; >ihe limits 
of the size of the machine cm, however, readily be ^liloyed, the 
only preparation requisite bei^g to fix' each pattern upon a bottom 
j)lato, having bolt-holes io correspond .^those in the top of the 
moulding frame. This arrangement is. SO .simple, that after the 
machine has been moulding. shells, it /Gbs: be changed and got to 
work again at moulding .r^way w.other articles, within 
ton minutes’ time. 
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As soon as the sand is rammed, the cover plate K is put on 
tlio box, by sli(lin*i: it on the inclined which hold it fast; 

tlio whole is then tnrqed over with the moulding ,table into the 
reversed position, as in the left-hand elevation; thiw|>eing effected 
by the simple pressure of pushing home theicov^ plate K, since 
t he whole is balanced and turns freely upon the axes. In moulding 
shells, the pattern I is then withdrawn from the mould, sufficiently 
to make it clear the sand, by means of tdie screw imd hand-wheel 
L. A rising platform M, which slides in vertical grooves in the 
side frames C 0, is then brought up by means of a lever 0, to' 
tmich the cover plate of the box which is now at the underside, 
and the box is liberated from the moulding plate by releasing 
tlie two catc'hes H II, simultaneously, by means of the second 
bandies N N, lixed on the other ends of the spindles for this 
pur})ose. The whole is then in the position shown by the dotted 
lines in front elevation, and the platform M now de>ceuds, by means 
of the additional weight upon it, to the bottom position in the same 
view, the platform being counterpoised by the. balance weights P P, 
'I’lie mould is then removed, by sliding it off the platform on to a 
lii.llt' railway placed at the samo level, and the machine is made 
leady for repeating the operation, by screwing down the pattern 
t(' its ri.elit place, and turning back the moulding table to its 
former position, ready to receive a second enijity box. 

^i^he principle carried out in this machine, of turning over the 
whole moulding table with the mould and pattern upon it undis¬ 
turbed, has the efiect of saving all the labour of lifting the moulds; 
so that boys, who are sufficient for all the actual moulding work, 
aiv able to complete the process, instead of men being required to 
lift the heavy weights. 

An advantage in average quality of work and saving ef wasters 
is obtained, by avoiding all handling and risk of disturbing the 
moulds in lifting them off; they simply slide along a little smooth 
railwfiy from the moulding machine to the casting ladle, which is 
llxcd 7 feet 0 inches distant from the moulding machine, centre 
to centre. A very important point is also gained, by always re¬ 
placing the pattern in its first pouitioUj while still inverted, thus 
])reventing any particles of sand from interfering with the working 
parts of the pattern. It is ap point in machinery applied 
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i|jis inresent, that it shotild he arranged so as 
order for long^sontumed regular work, without 
requiD^'or nicety in managenjc^l, that would interfere 
at all with^:^ roughness of manipulation inseparable from such 
work, wh^ mipedition and economy of manufacture, combined 
with aocura<gr in the castings, are the objects to be accomplished ; 
and the pre^t machine. bas been folmd completely satisfactory in 
this respect. . '3?]be result of the working of the moulding machine 
is so suoces^ul^ mould, oonmsting of two railway chairs, 

; is readily coinpi^t^^ Overy minute on the machine; and the 
machine is found to'keep , so completely in working order, that 
the r^ul^,'day*8 work, of ten hours produces from 1000 to lK)i> 
chairs, bei]%:at Jhe average rate throughout of two chairs per 
minute. rigidity of moulding by the machine necessitated 

special arrangements for casting, which we need not detail here. 

To define the limits of any particular kind of moulding is 
somewhat di^ulij but some conclusion may be arrived at, by a 
comparison ^^tween the plan above described with the moulding 
, inacbme and the ofd system. 

In casting railway chairs by the old system, ft was considered 
a good day’s work to obtoia 300 castings from one man and his 
hoys, and, with the best plan the average does not exceed 480 per 
day. To produce this quantity, the man who rams up the bottom 
box has tq lift the following weights:— 

Bottom box . . .. .26 lbs, 

Patterus .. .. .. ..45 „ 

. Band,'.. 48 „ 

. hoard ... .. .. . 12 „ 

I ^ Mwavi 

. . Total. .. 131 lbs. 

' ' ' ■„ ' ' -V ■ ‘ 

This total weight of 18l lbs. has to be divided by 2, os the 
box rests upon its edge while being turned over; therefore 131 lbs. 
divided by 2*: 65 lbs., 

': After turning it over thn msh has to 

.Lift off tho rammii!i|fba»d '.. .. 12 lbs. 

Brativ the pattema.^^*.; .. 45 „ 

Oariy the lx>x full 7d » 

>. 65 Iba broQghi'fo^ «. 1. 65 „ 

TUtal /iii, »*T •» ' '»• ,39b Iba 
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whicli mnltiplied by 240, tbd number of boxes monldedib) produce 
480 chairs, 2 chairs in each box, gives 47,040 lbs., or more than 
20 tons, to,be lifted by a man during his day’s vorfc 

In Jobson’s moulding machine, by usingl the. t&- 0 Yer table, a 
man has been known to make from lOOO.to llpO chairs per day, 
in producing which he had only to jlifr tibie ^p^ box and cover 

plate:— , , ' ' ', 

Bottom box » .. *. ;• :*• 26 lbs. 

Cover plate •• U *• •• •• ' »• 

Total i. .. „ aSlba. 

which, mnltiplied by 550, the average number of boxes.moulded, 
2 c.haij-s in each box, gives .19,250 lbs., or only 9 tons; to be lifted 
in making the larger qna^ty, against 20 tons in making the 
smaller quantity by the old plan, the latter requiring accordingly 
about 5^ times as much labour in lifting, per chair produced, as is 
uticossary with the machine. / . 

As we have seen, according to the ordinary the pattern 
halves are placed on a board, the mould box placedlBsreupon, and 
the moulding material put in; the box is ^en turned over, the 
second halves of patterns put on, and the moulding material put 
therein; finally the pitterns are taken out, and the runners made 
for the inlet of the melted metal. The defects of this method are 
that the patterns, by constant use, soon become defective, requiring 
constant refjairs, and that the castings seldom are perfect. By the 
r(‘moval of the patterns the edges of the mould also become defeo* 
live, and have to bp repaired. In moulding toothed wheels the 
repaired teeth become harder than the others, because the mould 
then' is made wetter, and tdiipi causes unequal wear and tear, and 
consequent irregular working. To obviate this, plate moulding 
is resorted to, bat the preparation of the moulding plate is 
undoubtedly expensive. 

According to a novel mode of madiine moulding, one or more 
patterns are cast togelher with a -fiat plate from original patterns 
divided in halves; hut with Wpolnougi^;and Dehne’s plan, the 
patterns are cast together, with a plate hi^g pivots at two oppo¬ 
site sides. The original patterns not b^bg divided into halves, are 
first monlded in the usual wayi^ and V]^6n both box halves arc ready 
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for the a auitable pattorn frame of the thickness of the 

plate moD^Ded, and having the pivots, is laid on one of the box 
hadves, and the mould of the plate and half the pivot is made Irom 
it; the other half pivots are moulded in the other box half. Tlie 
casting then is proceeded with, and the moulding plate so mad(‘, 
after that the pivdts have been turned and the casting trimmed in 
the usual way, is suitaMe for ’the purpose of moulding from, and 
Jreqtures a moulding table er apparatus, which may be of the follow¬ 
ing description. - ; „ : 

Fig. 156 is a ftont' vertical cross-section and - end elevation of 





virtual (jvss Set’Ujt'iu 


End. EU'vaiivrv 


Fig. 15& 


Woolnough and Dehne’s moulding machine. The apparatus con¬ 
sists mainly of two hollow pillars A- A', screwed on to a cast-iron 
bed-plate a, and made do shift closer togetlier or farther apart. In 
each of the columns A A' there is a screw spindle h h\ which can 
be moved up and down by means of a worm-wheel c c' on a spindle 
d, which has a handle, or hand-wheel, e.. The spindle passes 
through stuffing boxes i at the top of the columns. To prevent 
the entrance of sand to the wprmrWheels they are covered by cases. 
The screw spindles hV are also for the same purpose encased below 
in closed tubes. The screw spindles hi/'have heads yt/ above*, 
which can turn thereon, and can ;be fixed by means of sol sen^ws 












WOOLNOUGH AND DEHNE'S MOULDING MACHINE. 


449 


m m. lliese heads form the hearings for the pivots of the mould¬ 
ing plate, and also carry tubular casings oo', which enclose the 
upper part of the screw spindles to prevent the sand-dust from 
entering. The moulding-plate pivots can be fixed in position by 
means of set screws pp'. To the inner side of the columns are 
fixed strong plates r which form the rails for the wheels of a 
movable table »; these plates can, by means of thmr fni^t^TiiTig 
screws fitting in slots, be adjusted in their positapns. There must, 
of course, be a table apparatus for each width of moulding plate. 

In order to describe the mode 


of moulding with this machine, 
the casting chosen is that for 
n sanitary pan as illustrated in 
Fig. 157, the moulding plate box 
part, and pattern for which are 
shown in Fig. 158. To operate 
is as follows:— 

The moulding plate h is first 
placed with its pivots in their 
bearings formed in the heads 
tlie one moulding box half is 
then placed thereon, and fastened 
thereto by keys or by screws. The 
sand is now stamped into it, then 
tlie moulding plate /i is raised, 
turned over on its pivots, to¬ 
gether with the box attached, and 
lowered again. The plate is then 
loosed from the box and lifted 




Pio. 157. 


olf. The pattern lifts quite vertically out of the sand, as the plate, 
by means of the screw spindles b h\ can be adjusted exactly ; tjwhen 
wt)rn tiie^ are turnt^d up a little, so that the worm-wheels come into 
exact gear. The finished box half, standing on the movable table 
.S', is drawn away under the moulding plate and put by. By the 
turning over of the moulding plate A, it is made ready for receiving 
the second box half as the side thereof ^ turned upwards. The 
second box half is then put oti and faEtenedjBnd the process repeated. 

The gates may be stamped into'.the second box half, but this 

- ' . . ' 1 . ‘ 2 G 
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is not al>solQtely necessary. This method of. moulding can be 
exercised by any intelligent labourer. 

Fig. 169 illustrates a cornpamtively new type of moulding 
machine manu&ctured by the Patent Sand Moulding Machine (^o., 
. Glasgow, by means of which a complete mould in two halves is 



produced by one stroke of the power piston or ram, actuated cither 
by steam, pneumatic, or hydraulic pressure in cylinder 0, and 
made to work under the following, conditions of pressure:— 

. gteam. .. .*• 4D to dO Ibe. per s^iuire ineb and upwards. 

Air (pueoniatio) .. *, ,40 „ 50 „ „ „ 

Wato (hydraulic.) ii—’ 000 - ' 

The adoption of any one of power systems will of course 
'depend on cLrcumstancea. SMtn:1^ng genendly available recom- 
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moiids itself, because no additional expense is incurred outside the 
liiiiciiine itself, except for,the nec^aai'y steam and exhaust pipe 
connections thereto; whereas for the o^er two systems, either an 
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being mounted on trunnions B, as shown in Fig. 158, is here bolted 
or mounted at one side on the movable, sleeve M S, supported on 
vertical spindle column S C, at any required height, by moans of 
an adjuskble collar AO as shown. By this arrangement tlic 
pattern plate P P, it will be seen, is free to oscillate, or move round 
. tiie oolm^ ^0O in^ a horizdntal plane , away from its central 
•moulding position as phown to tlie ouiside when it is requireJ to 
bo out of the way. The moulding process is as follows:— 

1 . The lower box part LB and its independent bottom or 
ram plate are both lowered to the position shown, and then tilled 
with sand. Previotts to filling up, as described, a perforated board 
is placed at the bottom, which serves as a support to the com¬ 
plete moulded block of sand when it is removed fiom the fixed box 
parts UB and LB. 

2. The pattern plate, previously out of the way as described, 
is now swung round into tlie central position shown. The ui)ixir 
box part U B'is then lowered until it rest.-* on the upper face of 
pattern plate, and is now filled with moulding sand as in the pro- 
vioiM operation. 

In making up the sand at the surfaces, after filling up and 
previous to the ramming process, it will sometimes be found neces¬ 
sary to have certain portions of the sand surface projecting upwards 
to a greater extent than others, according to the depth of Siind at 
these points when the mould is completed. In this manner the 
pressure or consistency throughout the mould is made more uniJonn. 

It will also be necessary, in some examples, to further strengthen 
the mould by adding irons as in the vario\m other moulding pro¬ 
cesses described, in, order that these mould^ sand blocks may be 
capable of resisting the outward pressure <^|!the metal during tlie 
casting process. The mould by this machine is removed from the 
box parts in the form of cubical sand blocks, which for the purpose 
of casting are arranged on the foundry floor in rows. These sand 
blocks have not the margin of strength to resist bursting pressure 
as is usual in ordinary practice in which the moulded sand rcauains 
in the cast-iron box parts until the casting is made and ready to 
be ^ptied out. 

3. The, foregoing operations being carried out carefully and 
speedily, the sahd is now rammed up by compre^ion during the 
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Upward movement of the ram in the power cylinder C, operated by 
iiieaus of lever LH and V. In its upward travel the pro¬ 
jecting surface sand in the^ower box part L ^ touches the lower 
face of pattern plate P P, and befco^w slightly compressed. The 
pattern plate, which is free to moy^ps then pttshed up vertically, 
carrying with it the upper box par^^IiF B lying upon it, and also 
filled with sand. These various ports now in contact continue to 
move upwards, guided vertically by the columns shown, until the 
pand projections in upper box part U B come in- contact with the 
face of the buffer or top plate TP shown. Any further upward 
movement of the ram can only be permilted by iw compression of 
th(; sand which, it will be seen, takes f>lace in both upper and lower 
box parts against both faces of the pattern plate P P at the same 
time; the sand at the joint face of each box will, therefore, take 
up th(! desired moulded impressions, which, when brought together 
in the proper relative positions as when closing, will form a com- 
])lete mould of the casting require. 

The compression of the sand in the lower box part LB is 
(d)tained automaticjilly by means of the separate bottom or ram 
plate referred fb, the proper position of which, when forming the 
bottom of the lower box part L B, is maintained by means of a 
specially arranged frietioiml grip adjusted by means of hand-wheel 
IIW shown. 

4. To remove the moulds after it is rammed or compressed 
to the desired extent, the pressure in power cylinder C is cut off, 
and the contents exhausttd, so that by their weight the various 
pieces referred to begin to fall. The upper box part, however, by 
means of pawl pieces on the counterbalance weight pulley 0 W as 
shown, is only allowed to drop a few inches clear of the top plate 
T P, the remaining parts continuing to fall until the pattern plate 
rests again on the fixed collar A C. The lower box part L B still 
continues to fall until it also is clear of the pattern plate P P as 
shown. . , ’ 

i). The return stroke of the machine bemg completed and tlie 
various parts separated and suspended clear of each other as shown, 
the pattern plate P P is again swung clfear out of the way as at 
the heginning^and the upper moulds box part T P is now lowered 
down by means of hand lever ^ ^ntil it rests on the lower box 
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pact L'Bjp ,90't]bat the two separate moulded impressions are finally 
brought acouratel|j. together. . 

6 . To'remove the sand blo<^;eah:^mmg the mould just com¬ 
pleted from^the box parfa^ jjyiioh latter it wiU seen form a 
portion of the.machine profw^the clutch already referred 

to between the lower box vpawX B and the ram (with the movable 
bottom plate at its top end) is completely released. The pressure is 
now turned on to t^e |»wer cylinder C. and again the r.im begins 
to rise with tho- ihdvabTe bottom in the lower box part whicli 
noears up againa||feKli^jects the sand in the form of a block, right 
upHhrongh boipSox parts, whicdi latter are made to remain in 
this lower position, either by fixings or by their own weight. Tlie 
block of sand ^oted is of course in two halves, accurately cbjscd 
together, ready for the casting process, for whicli purpose they are 
removed and conveniently arranged in rows along the foundry floor. 

Pattern plates for this machine are produced exactly in the 
same maaner as described in f«ges 434 to 438, except that the 
shape of wood frame referred to is that of the pattern plate P P, 
shown enlarged in Fig. 159, instead of rectangular as is usual. 
The pattern illustrated here is for an ordinary standard cast-iron 
weight of 56 lbs. The following particnLirs, published by tlie 
makers, will serve to indicate the power required to operate these 
machines, also the amount of steam used in cubic feet and pounds 
per mould as compared with the quantity of water used with the 
hydraulic power cylinder under the same conditions. 


Slsst^ of Minilding 
Boxub. 

nppth of 
Buxea. 

Diameter 

1 of 8to.im 
or I'neu- 
matio 
Oytiuder. 

Cubic Feet of 
SUam usi'ii tier 
Uuuld. 

! 

Diameter 
ol lly- 
dmullc 
Cylinder. 

Amount 

ol 

Wjter 
Used lor 
Mould. 

1 

jHorso-powei 

* required poi lioiii 

t(nm)L 

Square. 

Top, 

Bottom. 

lu. 

1 in. 

in. 

1 in. 

in. 

cub. ft. = lbs. 

in. 

1 

1 gallH. i 

11.1- 

12^ 

13 X 10 

H 

1 

18 

8-52 =i 0-462 

n 

4 

GO mouMfa — 1 

1 

15 

15 X 15 

H 

! Gi 

21 

,4-80 ss 0*6:10 

4| 

n 

60 „ = 


2G X 10 

4i 

n 

.28 

8:^0 1-116 

• 5'i 


40 „ = U 


29 X 19 

5 

n 

31 

10-50 = 1-379! 

n 

3 


32 ' 

34 X 24 

6} 

f 

7i 

40 

18-00 ,= 2-305 

t' if 

H 

1 

Si 
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Intermediate sizes of moulding boxes i^uld of cd!&rse be adopted 
if considered otherwise more suit 
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By means of a small size of this machine, tliree young persons 
are said to be capable pif^|tfbdueiag from 400 to 800 moulds 
per day. This of course ^lU4ep®ttd on the pattern used and the 
form of castiug required* ^ J . s- , 



Fig. 160 illustrates another patented arrangement for mould¬ 
ing, cxtoneivcly used on the Ct)ntinent and recently introduced 
into tliis country. It is constructed by the Gritzner Machine 
C\)., Bnrlrtch (Baden). ’ In this type tlie moulding sand is com- 
I)ri'ssed into the boxes by means of hydraulic power at pressures 
varying from 400 to ImOO lbs. per square inch, in very much the 
same manner as that described for the foregoing ; the essential dif- 
leicnce in this .form being the particular method of handling in the 
f)ioiluction and subsequent rehi.py4 of thh various box parts as they 
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are completecl, a separate box part B,P being reqnired for every 
mould, as in ordinary practice. Each fe pwt is guided accurately to 
proper position on the pattern plate by means of two guiding bolts 
B B fixed to the latter. The moulding operations are as follows. 
The moulding box p^ B P is placed in the position shown, filled up 
with sand, and then the whole carriage, &c., complete is run along the 
*lrails E B, over and above the centre of cylinder C and press-plate P P 
immediately uhderpeath the buffer plate B K. The hand lever LII 
is then drawn and the pressure admitted under the ram, which now 
begins, and continues to rise so as to ultimately press the sand against 
the buffer-plate B B into the desired moulded shape. The hand levor 
L H is now reversed, so that the water exhausts or flows off, and tho 
ram pattern frame P F and plate come slowly down to their original 
position shown. During the return downward movement, the box 
part B P, and sand mould just produced, after descending clear of tlio 
plate B B, comes to rest on four long bolts or disengaging columns, 
one afeach comer, while tho pattern plate and frame P F contiinu! 
to fall until they rest on the caniaL'e frame C F and the whole 
including the moulded box part are again rolled towards the end of 
the rails B B ready to dispose of the finished box part and rc'ceivo 
another moulding box part B P. To maintain the four holts or 
columns for holding np the box part, when the mould is completed 
in |;he desired position, is obtained by pushing the cross bar C 1> at 
the end of rolling frame C F. In this manner the pattern plate 
falls free, 80 as to obtain a perffct mould, which is now readily 
removed and placed on tlie foundry floor. While one box of sand 
is being compressed as described, the one at the other end of the 
rails B B can be prepared, so that two men can always in turn fill 
the box parts (each making one half of the mould required by 
means of two separate pattern plates), whilst two others remove tho 
moulds from tiie machine and also put the two corresponding 
halves together, preparing them at tho same time for the casting 
process. In this manner/ottr men, it is ckimed. can produce from 
160 to 200 complete moulds in one day of ten lionrs j each mould 
measuring say 26 by 22 by 10 inches deep. 

In this process it is suggested that the pattern plate should be 
cleaned after each operation by means of a suitably strong blast of 
air to the machine as shown overhead at A B. 
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CHAPTER XV. 

UOULDlNa THE TEETH OF 'WBEE1& 

The accuracy and perfection of the teeth of wheels are of great 
practical importance in all cases of gearing, and especially where 
large amounts of power are transmitted by them; and it is requisite 
tliat the transmission of power should be uniform and continuous 
tlirougli the teeth of the wheels, corresponding to the continued 
frictional contact of the two circles rolling upon each other. To 
maintain this uniform and continuous action in toothed wheels, all 
the tooth throughout the circumference of the wdieel are required 
to bo precise duplicates of one another in form, size and spacing; 
and all to be placed in a perfect circle round tbe centre of tbo 
wheel. Should these conditions be imperfectly carried out, the 
essential continuous contact will be destroyed, and a serious inter- 
niithuit knocking between the teeth will be caused, leadirig to tbe 
fracture of tbe wheel, and risking a stoppage of tbe machinery. 
Any defective fitting of toothed wheels also involves a waste of 
driving power, from the irregular shocks in transmitting the 
power; and, as a conse<pience, the wheel will not last so long in 
such a case, owing to the friction causing extra wear of the teeth. 

In the earliest method of making toothed wheels, the teeth 
were chipped out by hand from tbe solid edge of the wheel, upon 
wliich they were set out and shaped to template. Subsequently 
the teeth were formed on a wood model of the wheel, and mouldeil 
from this model, according to the plan in general use. 

What is called the pitch circle of a toothed wheel is simply the 
circle whoso diameter is equal to that of a cylinder, the r(dliiig 
action of which would be equivalent to that of a 'toothed wheel. 
It is the limit to which the wheel approaches, as the tetth are 
indefinitely diminished in size, and ^increased in number, tbe dis¬ 
tance of the axes remaining the same. 
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The pitch of A ^heel may, ,^;od^e, auy quantity within 
certaiii working jmts, hnt it has convenient to employ 

only a given nnnife of standa^yiiJhW insteQj^ of using an inde¬ 
finite number for the pitch. ThikJn oi36st*ir(to wheels of the larger 
class, the Values most comioonlyr cho^n aroi, 1 inch, I J inch, 
li inch, l-J inchi 2 inches, 2k. inches, ^ inches; and it rarely 
happens that any intermediate values are necessary. Below incii 
pitch the values j, J, J, and j inch, are generally sufficient; 
cast-iron wheels of lowfer than J-inoh pitch are seldom employ<‘d, 
and for machinery of: a less size, the wh^ls are commonly cut in 
a wheel-cutting machine. This system of definite values lor the 
pitch has this advantage, that it limits the numbers of founde rs’ 
patteitSi, though this again is not so much the cflse where wheel- 
moulding machines are employed. Any others, however, may he 
readily calculated. 

There are various mechanical methods for finding the pitch of 
teeth when the number required and diameter of pitch circles are 
given, but such methods are generally more or less inaccurate, and 
at the same time create a dependence on them, which in efiect 
prevents a tradesman doing his work intelligently, by direct appli¬ 
cation of the simple mathematical relations between tlio radius or 
diameter and the circumference of a circle, which may ho slati,-d 
as follows:— 

The circumference of a circle = 3*1416 times its diameter, 
i.e. approximately ss 3^ times its diameter. 

If then we take a oiircle having a radius = 7 units or inches, 

Its circumference is = 2 x 7 x 3*1416 sa 43*9824 units or 
inches, i.e. approximately = 44 units or inches. 

From the foregoing figuras the relations between the circum¬ 
ference and diameter of a circle, it will be seen, may be expressed 
as follows:— 


Din meter of a circle 14 7 

Cii Rumf*;reuce of a circle 44 ~ 22' 


i.e. tft.! 


Rodins of u circ’lo 
CireUiuiorenco of a circle 


= constant ratio (approximately). 


So tlrnt if we take for example a spur wheel with leoth set at 
ouo inch pitch, and the diameter of pitch circle is known to be 
14 inches, than the wheel musi have 44 teeth. 
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Fjfr ICl represents a g^apWc wetliod derived from the fore¬ 
going, the construction of;iPirhie|i isas follows:— 

Draw the line AB ; then draw BC s= 7, and perpen¬ 
dicular to A B. Next draw'A C,, and the scale is complete. 

For a wheel of 10 teeth lay , off . the pitch ten times to D, and 
draw D E parallel to B C, and it will be the diameter of the pitch 
circle D 6 E a. It will also he the radius of a wheel of twenty 
teeth, and half the radius of one of forty teeth, and so on, of the 
given pitch. 

If again the circumference of the pitch circle is ^ven, snch 
ns by a statement of the number and pitch of the teetli, the 
diameter of the pitch circle will.be found by simply dividing the 
circumference given by 3 * 1416. 



To determine the proportions of a wheel we have the following 
empirical rule:— 

Divide the pitch into 15 equal parts, take 7 of these parts for 
tlic. tliiclcness of the teeth, and 12 of them for its length, namely, 
r),\ from the pitch line to the point, and from tl»o pitch line to 
tli(‘ root. Make the rim equal to the thickness of the tooth, arms 
equal to iho same, and boss equal in thickness to the pitch. 

Or by calculation we have 


Pitch X *48 
'Pilch'X *8 


z= thickocss 
s length 



Qlio following is the mode of dividing the pitch into 15 equal 
parts as required by the rule i— 

In the diagram, Fig. 162, draw the line A 0, and mark off 
upon it 15 equal parts as required; draw AI perpendicular to 
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A (/, and equal to the given pitch, then draw T C, and in the tri- 
anglo formed draw the 15 parallete to A I, and the pitch will be 
divide as required. 

From the diagram, to get the thichne® of the tooth, set one 
point of the compasses at 7 in the line IC, and the other at 8 on 
the line A C ; the line joining liiese points is the measure of llio 
thickness of the tooth. Similarly the lino H, joining the points 
12 in the line 10, and 3 in the line A C, is the measure of the 
hmgth of the tooth, and this is equivalent to 5^, equal to .the line 
F, and equal to the line G. 



Fra. 162. 

Fig. 163 is a scale of a still more convenient kind, and ought 
to be constructed on a large size fur general use in a worksboj), as 
it not only saves time, but the wheels made by it are all of the 
same proportion of p8-]^ The diameter of any wheel is found 
from it simultaneously wth tho thickness of tooth, width of space, 
drc. As here laid down the scale is adapted to wheels of any pitch, 
from i inch to 2 inches inclusive, one-eighth the size. 

The methods of making this scale is as follows:—Draw the 
line A D, and from C draw C D perpendicalar to A D. From 
C on the line CD lay otf fifteen equal divisions marked 4, 8, 12, 
16, 20, &c., up to 60; as each division represents four teeth. 
Again from C on the line CA draw CA equal to the pitch. 
Divide the perpendicular line C B into sixteen equal parts, and 
join B A and B D. Through the sixteen points of division on 
, the line C B draw lines parallel to the base line A D, cacii 
terminating in the two sides of the triangle A B and D B. If 
we take it that the base line C B represents the radius of the 
wheel having sixty teeth, also that C A represents the pitch of 
the same wheel, then each parallel from tho line C B to its 
point of termination in the line D B, is tho radius of a wheel 
having sixty teeth of the particular pitch marked on the corro- 
sponding extension lino terminating in the line A B. 
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Similarly the parallels express the radius of any wheel having 
less than sixty teeth, when xneasnred only to the corresponding 
point ill the line joining B, and the divisional point on 0 D, 
against which the number of teeth is found. Thus the radius of 
a wheel of forty-eight teeth and l|-mch pitch is ah = 13'36 
inches. 

For the proportions of the teeth, rim, &c., set off C G (Fig. 103) 
= to the length of the tooth =s of the pitch, that is. » the line 



H in Fig. 162, also the thickness of the tooth, arm, and rim C F 
= of the pitch; the len|^ of the tooth 0 G, Fig. 163, from 

the pitch line to the root = ~ of the pitch, that is, the line G in 

Fig. 102. 

This scale may he need when the number of teeth exceeds sixty; 
thus, for a wheel of ninety-two teeth and 2-inch pitch the radius 
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is found by setting off in the comp^es the whole line C D, and 
also that part of it from C to th^ :|^t marked 32. For odd teeth 
divide the first space into 4 as shovim. 

set off a spur-wheel with thirty-two teeth and 2-mch pitch 
draw n Hue AB, Fig. 164; take A as a centre, and lay off A B =- 
the distance from C to 32 on 01) 6f Fig!, 168; that is=the radius 

of the pitch circle. Through the points 
A and B, and perpendicular to the line 
AB, dpw tim lines AK and BJ. 
From A^ the ftitro, set off the radius 
of the shaft s# A C, and from C lay 
off the pitch A G, Fig. 163 = C D 
the thickness of tile boss; then with 
the distance 0 B of Fig. 163 in the compasses, set off B E for the 
length of the tooth from the pitch line to the point; and in like 
manner mth the distance E G of Fig. 163 in the compasses, set 
off B F for the tooth from the pitch line to the root. Again, from 
F set off F G = to C F in Fig. 163 for the thickness of the rim; 
and upon B J set off the width of the tooth, and upon A K the 
length of the boss, draw K L and D L to define the boss. Also 
draw M M parallel and a to G E and join M and L. H1 is the 
fiice-bar. 

When the ontside of the rira is turned up according to the 
drawing, the nextf business is to divide or pitch the rim into as 
many divisions as;th^ are teeth required. These divisions arc to 
be carefully maTki|ttl by lines drawn upon the rim across its 
breadth. ThereN&l^Pft) modes of attaching the teeth, either they 
may be fixed by screwe with glue, or they may be dovetailed into 
the rim. This last is preferable for large wheel patterns, and in 
shops provided with a machine for wheel cutting, it is found to 
he by 4r the most expeditious mode; when the pattern is small 
and of small pitch, the teeth may be simply sprigged on with 
glue. 

The teeth ought to be of hard wrood, such as plane tree or leech. 
Ba^wood and cedar are also used, but.plane tree is preferable, at 
least for small wheels. 

The teeth being blocked and fixed lengthways across the rim 
witli glue, pi^es of ^-inch deal are then glue^ betwixt the teeth 
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tlicse pieces are marked s a in Fig. 1(55, and tUei? use is to prevent 
tiie ends of the teeth being .jjjjht in turning; when the glue is 
dry, the teeth are to be turned fe) the length and width required. 
The pattern is then ready to have the pitch circle 0 C drawn 
uj)Oii it. 

The circle being accurately and finely drawn, the next business 
is to divide or pitch it into 32 equal parts of 2 inches, that is, 
from A to C on scale, Fig. 163. The radius in this case will be 
v(^ry nearly 101 inch^ Ihat ^from 0 to 82 oh the scale line C D. 
I'hc curves of the teefii FigMoS, are next to be'dehjribed. The 
pitch in this instance is a^so the radius from the pitch line, both to 
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tlie point and root of the tooth; therefore the compass^ opened 
2 inches will describe the curve rp, and placed on a will describe 
the curve r q. From r to ^ set off the thickness of the tooth s= 
to CJ F in Fig. 163, and describe the curve e i from 6 as a centre. 
]>Kuw in the other curves in the same manner, and when they are 
Kot cut on one side, square the lines across to the other side at 
four points, taken consecHtively at right; angles to each other, 
taking care that on both sides the lines accurately correspond in 
position, otherwise the teeth will twi^, and will neither leave the 
sand clearly in moulding, nor work well when cast. 

The common practical methp^ just referred to for obtaining 



4(14 


FOUNDING AND CASTING. 


tiie curved formations of the faces and flanks of spur-wheel teeth 
give only approximate results, aa| the wheels produced thereby 
will not give the highest efficiency obtainable when the curved 
formations are more accurately drawn, so that the various portions 
of the faces and flanks have distinct mathematical relationship by 
which the relative circular motion or speed ratio is maintained 
Constant. The teeth also, when properly formed, as indicated, 
will gear into each other, so that the successive points of contact 
xoU on each other. The tear and also the loss of power by 
friction, are thus ccmsiderahly reducSt There is, however, always 
a certain amount of fiction and corresponding loss even when 
the teeth are so carefully designed, owing to a small amount of 
slip, the extent and nature of which will be better understood 
further on. ii 

Different curved forms of teeth have been adopted of a more 
or less special character according to the nature of the work for 
which they are intended. The cycloidal curved forms for teeth, 
however, are the most familiar in ordinary engineering practice, 
and by means of which spur wheels can be made to give the best 
results. 

There are three different kinds of cycloidal curves, each of 
which may form a portion of the required tooth according to the 
following classi^tion. 


Teeth. . 

Curve of the Flanks. 

Curve of the Faces. 

la a Btraight rack .. .. 

Cycloid 

Cycloid 

la a wheel or circular rack •• 

llyi>ocycloid 

Epicycloid 

In an iatcraal circular rack .. 

Epicycloid 

Hypocycloid 


The three different curvas referred to, viz. cycloid, epicycloid, 
and hypocycloid, are described by a point at the periphery or edge 
of a cu’cular disc, when the latter is made to roll respectively 
along a straight base line, the outer or convex surface of a truly 
circular ba^ line, and on the interior or concave surface of a truly 
circular base line, as shown in Fig. 166.” In each of these it will 
be seen that the curve begins where the fixed point A on the 
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circle K is toncliing by rolling in the 

(lii'cciion of arrow, is coinptel^iP^^u^ said roller circle has 
made onerevolntion, and the<j>Sint A .again touches the base liiie 
at the poii^3; intermediate positions pf the point A are indicated 
at AV'A®, &c. When the of the roller circle li 

dcscriliing a hypocycloid is e^ual to ttie radius of the base line, 
ilK‘ii the successive points A, A\ A*, A®, of the ,hypoo 5 ''cloid de- 
stTibed will lie on the diameter passing through the starting and 




Fm. 1G6. 


liiiishiTig points A and B, ^ that in this instance the hypocycloid, 
so to spoak, Itccomes a straight line, and the flanks of teeth so 
formed will all radiate towards the centre,,^ the spur wh^L The 
of feet of this is that the thickness of tli *ooth at the root is loss 
II mil at the pitch circle, and therefore weakest where it should bo 
stroiigi^st. In designing teeth the diameter of roller circle K 
should never be greater than the radius of tho pitch circle, as any 
increase w'oiild exaggerate the. evil Jtt^t referred to. 
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the ^ adopted througliout. 

If then ^6 roller biride' 2 ^i 9 ^]a||B the radius of a 

wheel) it mtiajb, therefore^ than the eldest wheel 

qt '^ioh of the train! the teeth: pinion 

whwl are therefore etraighli towards "tIKentre, and 

in Older to make up for x^leired to at the root sucli 

wtels are usually etrengtheh^ by: shrouding the teeth up to the 
.^meter of pitdi mrde, dj:,<^e or both sides of the wheel 

-tnay ^be foah4- ; >' ■; ' 

eto be easily Sind shown in Fig. 107, 

in which A B :is a w^ t^p^te of .®"onrve corresponding to 
the arc or oiroumlerence of the pitch circle, and screwed to another 


^ 'W.l ^ ^ 


’ 4 ^is» i.y »'« 
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board beW^a^ln^ffiat^ B is also a wood template corresponding 
to a portion pf tfl r^ler circle with the scribing pointer P, shown 
in the actnf rbllhag oyer the curved edge of template A B in the 
direction of the ftitow, and describing an epicycloidal curve which 
forms the iprofile for . ^ face of the tooth required. I’he eamo 
process is also suitable for obtaining the hypocycloidal curve for 
the dahkS by substituting another: template piece with the pitch 
!,.c^le edge A B concav^j^nstead of* convex as shown. 

, .'These same curves may also he inadily developed geomctriciilly 
Sy drawing the roller circles B*.8nd B' in Iheir successive position.s 
ai regoUr intervals 1, 2, S, 4, e^ b^inhing in each case at tlio 
point of contect I*, as shown biteanse P is the point 

where ihO'fi^s^aad flank eurv^fp&j^igibiher’y ^ centres renre- 
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senting the succosBive positij^ roller circles, it will bo seen, 
lie on the radial lined . centre C of the propped 

spur-wheel to the sa(K^iYidjfiii?iW the pitch 

circle ■[. , 

TheWpssive pointsmake up' 
the desired curved fo^ of; viz. :- 


.. 

(V F' ali»Hg ciroiiuiferelioeof ijollerciiote at w m p^h circle PC. 


r>' 1'/ 
r ir 

C' 
2’ B' 


»* 

»i 

ft 


•f 

»r 

» 

»» 


'' **:■ 

r»’ ’ 


fc* 

'• , 5" ■ 

‘V.'. 


5'p 

';v4»P- 

a'p 

2'P 


■ *»- 


^The correspondingflank of the tooth shd^ dotted, 
are developed in the sauto’-hianner by causing the . same size 
roller circle to travel along the inside and outside of the pit(^ 
circle P' O'. In special examples two roller circles of different 
diameters may be used to form the teeth, such as, for instance, in 
the present example, Fig. 168, with roller circles R and R' (the 
hitter shown dotted), then the face A' B' C' B' tooth on 

pitch circle P C', and corresponding dotted dank of tooth ^ pitched 
circle P' C', are each developed with the same rolleif/^circle R, 
whereas the dotted face of tooth on wheel with pitch F O', also 
corresponding flank 1, 2, 3, 4, 5, 6, 7, 8, 9, of the larger wheel are 
both developed with the larger dotted roller circle R'. 

Wheels with teeth developed as described with two roller circles, 
nlihongh perhaps more suitable for special pitpose^, are not inter- 
( liangeable, such ns when the teeth bf various' wheels are all 
devdopod with the same diameter of rolling circling. 

In order to follow more closely the relative movements of each 
pair of teeth when in gear, it will be fQund more convenient to 
consider the pitch circles P 0 and P'C, as revolving ahont their 
respective centres in the directions indicated by arrO'iir^ The 
roller circles R and R' also revolving in the directions indicRted 
by the small arrows, so tKa| . the lineur yelocity at thmr circum- 
ferenco is the same as that a|%ie pitch, eii^lw P C and F C’; tho 
hitter having imparted thmr t^ the former by 

friction between the surfaces at'the point of contact P. The 
relative motion between the roller., circles R and R', and the pileli 
circle P C and P' C hot this’the same as when the 
rollers R and R'traveVed PC and P'C'. 

■’2 H 2 
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Therefore the curve described od the revolving disc represented by 
the pitch or base circle by a po^ in the circumference of the 
roller circle B revolving about its Sxed centre C, will, be the same 
as whep the said roller with its scribii^ point . was-pHidered to 



Pio. 168. 


roll along the stationary pitch circle as described and indicated in 
Fig. 1G8. Take, for example, the curved form described by the 
point A at the circumference of roller circle B',^Fig. 170; when 
the latter is nyide to revolve about Its. stationary centre O', as by 
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friction at tbo point of contact P, between -it and tbe pitch circle 
P C, the curve described on the of the disc represented by the 
pitch Gi|^||^ G^as it revolves past jind below the revolving circle 
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R', is a hypocycloid, which in this, Fig. 170, forms the flault pro¬ 
file of each tooth on wheel F G. Suppose again that the same 
roller circle K of the same diainetey IKI B' is made to revolve with 




470 


FOUNDING AND CASl'IKG. 


the fame linear yeloeity, as by coni^ct with the outer or 

;,cpnvexi5ide of pitch circle 
by a^bw^. . !Phe erne descrflfe^ ^ 

'^e chretiiWteiieis,';^--'the 
tee' it'^ it^,,coat«ei) wi0& pit^^idrcle P'C* wifi how be an 
;'^i€sycl(»d, which is' ^e profile of face portion of 

each tooth on wheel ' faces and flanks of the two 

'teeth geatih^mto,;t^fe:^^\^3^!^;^ each developed by tlio 
point B in the about its centre by fric- 

ticmal contact ei&er'ihe pitch drcle F 0 or,F'0', revolving 
in the dire^on indicated, ^the arrows.* The pitch circle P C is 
the base circle in motion Wnen the curved face of . the teeth on it 
are fonu^, jP^ C' the circular base in motion when required 
to obtain the.curved foim of the flanks of the teeth of spur wheel 
represmtted by «ad pitch circle P' C. 

Haying thus phteined the cycloidal curved forms for the faces 
and th<^ teeth in the pair of spur wheels represented in 

gear 1^1®© pitch circles P G and P' C, it will now be interesting 
to follow the successive pmnts of contact from the time each pair 
of teeth come, into gear, until they again break contact or work 
out (tf gear, Fron^ whdt has been said it will be imderstood that 
the correspon^g portions of the flanks and fiices of the two teeth 
in conb^fe at^be are each portions of very short arcs, the 

centres of Whudi are^'et khe pitch point P, and their radius P A; 
P hemg the ittsfan^^us centre of oscillation when each succes¬ 
sive point on these^^cl^al curves is being marked off. A line 
drawn at right angleit or nprmai to these extremely small surfaces 
at the point of contact Aj niust therefore also coincide with the 
radius of said curve £aof0, \^d this radius line always passes 
ihrough the pitch point .F, whibh is the instantaneous centre, from 
which each successive portion of the curved feces and flanks are 
drp^.' What has just be^ said ^ith, regard to the small portions 
of curve faces at the point contact A, applies exactly to 
each anct^iVe pair of surface p<^^:in contact, so that the normal 
lines rejHceseiifmg the directions of acting and reacting forces at 
the succe^ive |Knuts of contact must ^ways through the point 
of contact F. ■ ,^e obliquity, ^ese fihi» .jferce is gradually 
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changing from the direction A B;;B^)^prod?;|ced by contact at the ex¬ 


treme points A and B until 
lie on the^ respective pitch 


pitch 


vtlien the 



gent T ^ 

tliat there is a certain amoB^Ifj 
-wheels apart. The max^^^ 
where the en^ging ,]paja? -i 
at the point B/-whei^"i^e 7 

contact. The mininmm e 



the adjacent teeth -wrhich 
contact at the common^ 
in line with the tan- 
thttii it will be seen 

ef f 

b,<^ids^to pnsb both 
the point A, 

i<^*aS<hife"to break 



zerp; 



s the in¬ 


stant of contact at theVf^^h point P;, where 41be' diiectkm of the 
reactions form a common ta^^t T P T as already described.- 
'J’h(‘ successive points in. the curved forms of the faces i^d ^anks 
of the teeth in each wheel, it is now understood, are described by. 
])oiiits snch as A and B at the circumference of the roller cirei^ 
it and Ji', while these circles 111^ and the mid points A and B 
revolved about their respepti ^l^ xed centres C .and C', It .will 
therefore now ho clear, from has been said, thttlth^ sucoes- 
sivo points of co)jtact must coincide with the circular i|9|i^pf the 
two ])omts A and B, that is, the path hf contact betwe^M&io work¬ 
ing faces and flanks of cycloidal teeth coinmdes with the circum¬ 
ference of the roller circles when these havd their Centres G and C' 
on the line drawn through the centres of both pitch drdes P C, F C' 
and the point P as shown in Fig. 170.' Therefore, so long as the 
points of the teeth lie within^ their reflective roller circles we 
shall have contact between the &0e apd. fl^k of the two- adjacent 
t(;eth in gear. If, then,,we draw the arcs, shown dotted, with the 
radii D A and E B (corresponding to the, radii c^ thp ^nts of the 
teeth in the two wheels in jd^ey cut the irbUer'circles 

It and R' in the points, B, ,and X, 


^to the 
curved 




]>ath of contact, which pafh.^lh _ ^ . 

line APB The arc of contact .is; 

simply drawing radial lipes throughB from the 
ce ntres of E and B, and prodtioed tmtH corresponding 

pitch circles P 0 and FCT at a ^d hV and Pa are 

respectively the arcs of approach;^ ' These periods of 

contact may also be expres^'W^^ingW;^J^d e as shown 


In order that 




‘V ' 


continuous, the 
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BuceesBive pairs of teeth must continue to be in contact, h^foro tlie 
previous pair get out of gear 5 thfU^ of contact should, theroiore, 
Jp greater than the pitch'^1^4 otherwise t^^ motion im¬ 
parted will be ihtermittetit/'V^'J'^^ 

K 'Ve examine the reIaM^0;v]|)^t!dn8 of the two.’^^PP'ig. 170, 
in at the pitch |]joint P, woi^^lhep^bt^ a and in con¬ 

tact, and also .when in contact at -4. ^lhe last point of contact), it 

,v' ' 
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will be ob^rvod thai W :c<;^;^pbftding face and flank portions 
,,which havh, been in ^cC(nti^i"'tti:o hot of equal length which shows 
' tliat they do hotexactlyTbll over each other, but must hav 0 »*filippc:d 
,tdong each otlHjr to an extent represented by the difFeienco 
(Af> Aa) shown, ^fhis, it ^ill be seen, represents loss by 
friction, the velocity oitio however between the two wheels in g('}ir 


is. inaiiitained constant iluoughout the period of contact, and ihere- 
I'oro tin^ghout the, successive revolutions, so long as the teeth are 
of tt*^crtrvedtf^rma'described,,■ 
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The iiriportance attached to fcjie size of roller circle, to he adopted 
will be more apparent when the essential points of 

tliffiToiice shown in Fig. 171; three teeth, 11, 22, 

iuid 33, tl^ curved face and 'ifed'^each ex^ple crossing the 
])itch circle at the same set braUgularity of the 

w orking faces and flanks offrfflh that of tooth 11 to 
iliiit indicated by the tooth 33, ,they latter "toi^h being, therefore, 
thicker and correspondingly stronger at, th0 differ* 

eiices are due to the difleremmin the si^e of rolJeh circJe',adopted, 
vi/. li^, li“, and shown. 'l‘Jwu>thjBr important tfiffer^^ resulting 
iVom the variations in the shape^ofteeth indicated, is the 'Jitoence 
in tln^ length of the path of contact, and th§ corresponding angn- 
l.trity or obliquity of the reacting forces the successive points of 
eontiict. the maximum effect of which, to push the two spur wheels 
iipurt, is indicat'd by tiie line A P A, corresponding to the tooth 83 
veloped by the smallest roller circle ii®. The paths of contact 


<i( 


are us Ibllows 


— 

1 

Curvid Piith 
ul C'liiituct 

Mxxlnium 
OMuiuiiy. 1 

. . 

Circla 

Wlu.'l tootli 1 IM. 

CPC 

CPO 

B‘ 

„ 21*2.! 

BPB 

BPB 

B* 

!> *4 ! 

L »• •• 

AP.\ 

i 

1 apa 

[ 

' K* 


Arrow W indicates the corresponding direction of motion for pitch 
circle PC. 

Involute Teeth ,—^Although the teeth of spur wheels are geno- 
rully of the cycloidal forms described, many other forms have 
been suggested for special work. One other form which calls for 
our ail enroll here is that in which the faces of the teeth, from the 
root to the points, are curves of the involute form throughput. 

The involute curve is readily described by unwitding a i»iccc of 
cord previously wound on a circular disc B, Fig.'172.* At tlio 
outer end of this cord is fixed a pencil or other marker P, so that 
when unwinding (at the same time keeping the cord extended) the 


$1,0 1 ). K. Clurk*B Jtoles aad tal,‘lce. 
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eud of cord or ntarlcer P ^iU describe an involute curve. Tlio Fame 
curve nviy^also be deecrib^iw ^ |i3ccd pointer P' at tbo eud ol a 
etr#MgM-edged slip of woo3^K«*i tibe latter is made to roll without 



slip over the drcular edge or cylinder as shown. The geometrical 
coustruotion of these involute curves is also quite apparent from 
(liagraiU) and needs no further explanation hero. 

In proceeding to describe the proper involute curve for ihc 
teetii on wheels W* and W* Fig. 173, it will bo observed that tl»^ 
base circles are smallor, and lie concentric with thoir res}>ecti\o 
pitch eirdea W* and W^. One of the characteristics of involute- 
curved faced ishth i^rhen in gear is that the line of pressure or com¬ 
mon normal plough the successivo points of contact lies too 
much out of line with the tangent through the pitch point P, the 
latter of which indicates the desired line of reacting foiees, and ihc 
inio direcrion of motfon at said pomi The effect of such obliquity 
of these reacting forces is an excessive outward thrust, and coi te- 
spondingly increased wear on the shaft bearings. When adopting 
toothed geaiing of the involute form it is desirable, in the tiisl 
place, to decide the direction of the common normal reftfrred to, so 
that the lino passes through the point contact P at tlio 
nnwt suitable imgle, usually 15^® to the tongent T. The line S* 
represents also the straight patli df contact for this form of tool hod 
gear; from iShe centres 0* and C* drop perpendiculars, S* and 
C* S* as shown, so that these latter become the radii of tho require d 
base circles for the teeth in wheels W^ and in relation to whicli 
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tlie line S® becomes a tang^l-Si 
ibis manner it-vnlt be seen, t4sQ,&t J|l 
< ircles C* and C*vliavG tbe 
W* and W^. oftbe vhe^^:if^dSfiefe3 
faces of the teeth 


al I ciicly pointed .opt, anw j 

t:u;t is S*. The 

on the desired period dTii^i.hiiliii^)iabh l 


^;S® common to both. In 
||;;«Kameter8 of the two base 
^|ii>th^ of the pitch circles 
>3^10'hnrves shown for the 
a^^l^ .e^her of the methods 
L' len^’^ ^e path of con- 
toldl^iVf'Si depend 

i pair of |eei^ nre to remain 



Kiu. 17». 

in gear; usually dofinel by the lepgt^ the.arc of contact. This 
hciiig stated, and oiie hajf meWtof^pff bo os to cut the tangent T 
on the correspoiidhig T at a and 6, then the 
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exact length of the path of Contact is found to he c by dropping 
lines from these points a and h prpendiculat to ,the line of forces 
Safes', and. as the points of the teeth in the driiring whetl are th(3 
last to break contact, it will be seeil'lhat circles dj^wn tbronnh 
the points of the teeth must also pa^ through the points c and 
which, as already decided, limite tl|ij^ath"^'eon^t. CJcaraiico 
at the bottom of each tooth fe ^^-^i^iuts of the corresponding 
teeth need not he more than ons^teiith'bf the pitch., 

Two important featnreaj;cibt«ti»ed byhdqi^ing wheels with teeth 
of the involute forms are viz.-That all wheels of the 

same diameter of pilch whiolj 'pr^ucie.the same reg^rity in tlie 
direction of the hci^al lines of force S® through ®e aucceasivo 
points of contact wiir w6i*k prop^icly together even when ilieir 
centiss are moved to, various distances apart. This feature, it will 
be seen, is of ^advantage when tho journals and main bearings be¬ 
come badly worn. The chief objection to the involute form of tooth 
is the increased tendency, by their peculiar reaction, to pn.sh each 
otlier apart, and thus increase the loss by friction, and corres})Oi)d- 
ing weaillnd tear of tho main bearings and journals, as compared 
with wheels with cycloidal teeth, in which latter the angularity of 
the reactions vary from the maximum shown until tho ])oiiits 
of contact ore on the pitch circle, when the direction is tangential 
to the pitch circle, showing that the angularity at this point is 
zero, so that the tendency for the wheels to push each other out of 
gear, and against main hearings, is nil when contact is at 
the point P. / 






BxveZi WUebus. 


What bofe just been «tod r^rding the shape of teeth for spur 
wheels applies generally as ^regards tba formation of the teeth in 
bevel gearing* There i^e; however, other additional points of con- 
sideiation with regard to the proper angularity and taper of toolb 
required to give the giealest strength and highest mechanical 
efheienoy. ' ‘ 

set out a pair of bevel wheels, one with forty-four and llio 
otlier w'ith thirty-iwo teeth, in accordance with the diagram, 
Fi-. 163. ' , 
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Draw the lines A and B, Fig: 174, so as to form a right angle 
with each other at, F; on the line set off the radius or half the 
diameter of the lai^e wheel from 1^ to 0, and the radius of the 
other from F to D; and from the points 0 a^ D draw tlie lines 
C E and D E perpendicular Ae lines andJJ;and forming a 



right angle at their point of intersection E ;‘;'draw the diagoiifil 
h' 15, and through the point. E draw G H so as to intersect it at 
right angles. Next lay off the length of the tooth from the jatch 
lino to the point from E to-o a, and also the length from the ])ilc'h 
hue io the root, from E to Z>h,'|the tldnknesa of the nm from h to c, 
and the width from E.to,.^,tj^j[^.dmW;the line through I riaraliol to 
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GH,andprwwtlielin^fl a^hh, c„a,frcm tli« points marked upon 
G H to I, Bp tliat were ihey eontipupd^ meet F aa a 

centre. , From a to 5 is the clai-]^pce of" 

^eh the wheels are workmg to’ lih^ , 

lJ;""vAny olher.^^r set*’out in the way 

described. terti- 


was required to work iptd 
Fig. 174, set c^r the 


point E to N, 
ir-whe^ and draw tlie lino 


N at right 'keefe the line F E upw.ird 

as before;^ .>.v - v ■ , 


Havihg f 


thp^^h^alarlty ^d prinpy| ^dimensions 
bevel wheeMfiraccordanc-c 


of the teeth, Of a 

with good (engineering practiije, we niitl now refer more parriculai ly 
to tiie methods of obtaining the parMCulsr curved forms ot ieet]) 
which are'fflmilar tp that-already referred to for ordinary sjmr 
wheels. With these latter it was pointed out that, other tilings 
being equal, thie most-perfect form of tooth-gearing was that by 
which the velocityt-ratio was constant. If strength wore of little* 
or no importance, then the ratio of velocities may be made more 
regular by increasing the number of teeth, i.e. by reducing tlio 
pitch. The extreme limit in this direction is obviously roaclu'd 
when tbo' teeth are so small and numerous as to present a smooth 
cylindrical surfa^ih^ diameters of which are the two jiitcli circles 
of the whjkfe k <ipfe8ttpni ; vWith this process of reasoning applied 
to the wkJ^g wheels, we will see that the surfaces 

corr^poniphg when the number of teeth is iucreasi -d 

to the utmc^|imlls^;^B;|^ei^ Case parts of the surfaces of two true 
cones, radii CE and DE of the 

pitch cirke^ cHf 'tife wo and their heights 

such thatethey have ,^e .< 


F when their adjacent sides 
'touch ei^ found the true 

curved form of tooth<lca^p4i)^rough the point 
B, all oth^,points on the ^^ and dahk^'^f.'s^ tooth must lie 
on "lines drawn through cori^pohdih^;^^ in the asceriaiii<*d 
puk^ed foim, and ixinverging to the point I ’, 

which k the common'apex of the p^e&o^erred to. 

obtain fee ptopeir carved foim at :the;^iftk';i^^ thiokest portion of 
the tobth, produce the. line G E F) Iwth w:»vs 
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li., 









II < * 

teeth^ 


until it cuts the axes A and B . produced at the points P and Q. 
'J'hen P E and Q E are the radii two pitch circles from which 
the form of tooth is deriv^ bj mea^S ( 01 “ the, roll^ circle as already 
described for ordinary ^nr-gear 

they approach the point of cbn^et the 

same size and shape at their?- ouSer. Q ^ 

those of the teeth in twp epur whefelsV^^Q E and 
PE as shown. ; '. r^ 

Whether the form ci ib(^' adop 
the diameters of pitch con^^ are obtalired in 
as that just referred to. 

Many other methods named for 

but for these, the reader had better refer to separate tetotises, 
such as Thomas Box’s ‘ Practical Treatise on Mill-Gearing,* Prof. 
W'illis, A. B. W. Kennedy, and othmH who Imve ideated the 
subject, which includes the more advanced and scientihe practice 
in respect to every problem which tho founder may have to solve, 
if largely engaged in casting toothed wheels. But generally 
speaking a knowledge of the foregoing curved forms of teeth, 
and the methods of construction given will be found to assist 
largely in the construction of the various oth^. more or less 
special forms of toothed gear wheels. Take for instance screw 
gearing, the difVerent forms of which depend'on the relation of tUe 
axes of the two wheels rt'qnired. When the two ax^ arje parallel, 
tlieii each tooth is set at an angle so that it forms a j^rtion of a 
helix, and if the wheel be supposed broad enough, the teeth will 
ai)pear as so many threads of a screw, similar to that of an ordinary 
cylindrical milling cutter. . The same effect or result may be 
produced if we have a consi^ ^life e number of iMri 
(such as are used in cIbck-pa]^K^ir''8Up|^^>.‘?b^£ 
spin die, with their alternafe aiuS^& fa^ to 

rotate independently about their ceritrM wheel 

plate be now advanced by a' certain frapritm m thS^ifcch, relative 
to the next adjac^t wheel plate in regud^ , The points or 
other portions bf^these teeth will in this xiiihse^ be made to arrange 
themselves in a Meal line as .shbW ^t 4^^ lig; 175. It will, 
therefore, now be clear that b^ 'jsadi sp'dr wliocl plate 

represents the verti^;|Cro^: jScSeri helical toothed 
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’wheels ; this shews that the essential ilifforenc<^ in such wheels is 
the particul^ angle of the teeth lengthwise due to the pitch of 
the helix, as, copopared with square set teeth in ordinary spur 


.advantage ef helical toothed gear is tliHt it 
I0^"'"h(agii^.:reas0n,.of th^ continuous contact maintained 
throughout, aBd‘^^i^rrfespondingly:dimim8hed effects from hack- 
. lash. \Vith helical, or spirah toothed gear, siich a.s thid, 

shown ni B, it that w&n the one wheel diivts tlie 


throughout. 




Other, it will at the saihe time tend; to push the driven wheel side¬ 
wise, i.e. in the; direction of the line of shaft, out of gear, causing 
side strains which wheels in general .should not hp sohjecteil to on 
account of their comparative weakness in that d^ection. This 
objection was ovoioorae, however, by Messrs. JacksojI-Of Manchester, 
by armh^ng fo have two single helical toothed wheels (one rigid, 
and one left ha4^d) placed together and foiled in one wbecd cnsiing, 
as illustrated at P in Fig. lt6,,by ihis the side thrust from 
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ilit; right haad helical t^th id,neutralised or balanced by the side 
iiiriist from the left-hand heii^l teeth^ these efforts being equal 
and opposite. Another form ol geayr is that when the axes 
of the wheels required lie in diffident at angles to 

(uudi other, as illustrated in' ^ig*' be observed, 

forms the well-known worm .S®re, again, 

tlie general principles refexr*^' ^. will app]i|f, ro move¬ 
ments between the faces of lirO ,^th whejel, and that 

])art of the face of the thread foK^ into it, 

are similar to those wheh a. s|^,.wh^l gears into a straight rack. 
'I’hc shape of the alx)ve thread dhd woim-wheel teeth are shown 
hy a section in a plane pasmng through the worm centre, and at 



Fm. 376. 


right angles to the line of worm-wheel spindle centre, as indicated 
in l^'ig. 176, are of the same form as that adc^ted for-^e.teeth in 
ii spur wheel and straight!rack of > the same pitch* v 

Other forms of toothed, ge^dng wheels are familia^V^^^^ 
moulder, such as for instance, cast-iron wh^ls fitted; \^rith be^h- 
wood cogs or other material, of sufficient strength iff work 

wiili loss noise tliau that produced when both . WhbelJ^ gear are 
mmle of cast iron throaghotit. The outer , riih of .a cog wheel has 
i< i i,angular holes teed all round, and pitched ihe same as that of 
1 lie wooden cogs, to be afterwards, fitted into tliem; various methods 
!ire adopted for fixing those Wobdeu cogs in the proper 

pcaltiou. Two of these aW illh^tmtet in Fl^. 177, vi?!. by means 

M ■- .I'V ' ... “ 
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of apeciql wooden dovetail pieces fitted and driven in tight bctwof'n 
, tli^ toil ends of every two adjacent cogs, as shown. Also the Y(u’y 
common method of fixnig ,eoHi ,^g separately with one or two 
malleahle iron pins (according to the size of cogs) each being 
.driven through .a hole^afeiwiisiy hored through the projecting I ail 
end of cog, so' that l^'two projectmg ends of the pins will 
"bear hard up aganist'the inner face the cast-iron rim, while tliui 
portion of the pin pas^]^,thi?(^gh the hole bears hard against the 
tail end, so that, the; Held in the position shown. 

The same methods!@je adopt^ for fixing cogs in bevel gearwheels. 
Owing to the comparative weakness in the strength of w-ood, Uk; 
usual proportion as regards the thickness of teetli is sometimes 
departed from, by making the wooden cogs thicker than the corre¬ 
sponding cast-iron teeth gearing into them, the spaces in each being 
. of course made to suit. 






Jt will be seen that wheel moulding from patterns involves tlie 
necessity of having a separate expensive pattern, for each wliecl 
that differs in form apd, pilch of teeth, as w('ll as in diainetcr. 
The result has, been a vast collection of toothed-wheel pfiitoin.>, 
to meet the requirements of ordinary trade demands; and lliis 
stp^ .has become so costly, in the expense of construction and 
of^H^ storage spaee docupied, that it has led to an objcctioiial)l(‘ 
limitation in the range of pifeh of wheels, in order to reduce the 
extent of^ie stock of patterns. The use of wood jiatterns fnr 
entire wiUfs involves further, the practical objection of liability to 
distortion,.both in the general contour of the wheel, and in eac!i 
tooth, owing to tlie irregular effects of expansion and contraction 
in the component parts of* the pattern, as well as the unavoidable 
risk of variatiori in the forms and dimensions of the several teeth, 
in consequence.of file different fipish thateach receives. The nu- 
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(Mtaiiity, too, attending the drawing of an unwieldy pattern from 
its mould, and the distortion of the pattern that occurs from its 
hnig ill damp sand for a conaiderahle time, are additional olisticles 
<0 tho manufacture of a tootb-d wheel from the ordinary wooti 
models with the coneetness that is 

The only method of overcoming these difltenHies is by employ- 
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Fig. 178, and moulding the ^tire toothed cHe^mf^>r^oe 

tition of this^small portion;,by later developn^fa^^^hfthM 

means for lowering and raising it, and’ ior 

round the circumference of the wheel ai^ as to 


obtain the same certainty of accuracy thi;dn^loiffe/da is shown by 


a wheel divided and cut in a machine^‘ >,3% proems was intro- 
dnceil by Mr. P. B. Jackson, and airriedontyidtih greatest accuracy; 
a 11(1 until the advent of his most >3mlhable;:^Q(iac it may be said 
that no really correct toptihed. wheels were'msi 
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In dsojiding tb9 inost suitable forms and cross sections of llm 
o^er portions of spur orbsrel-tootbed gear wheels, it is impoit mt 
to know whether each wheels are to be moulded fiom a pattc m ot 
wood at other smtablematerhtl^ or by means of mouldmg machmei y 
^ such as that to be des^lSjM. ^ 

The three cross tloeti^QiOS Ulustntted in Fig. 179 arc intiodiict d 
here as representing^lotions of arms most gene i.illy 

I A - 

.... r * - • i i 
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ttdopted in gear-wheel practice. The two sections at A A and ] > 1> 
; are those adopted almost universally when a complete pul ton is 
; used, <m account of the comparative simplicity of the moiildmjc 
process, and also that no cores are required unless the one to ioiin 
^ the eye« Section A A is that gener^ly adopted ior spur win (Is 
and H B the arms of bevel wheels. The H section at (1 (' i> 
the iorm |[enerally adopi(«d for tl^e aims pf wheeXs moulded hy 
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riiiicliiiics. This late ezafiapls; it M ]b6j|teT'nitd«i;sioo4 Iiatef . 
ou, is adopted inorte of 

hy wliich it becomes desiraHe bottom of 

tlie mould arc snriades of manner of 

speaking sw(^t out'by ■ci:--ioo 

page 490), as in the case of 
u’ill thus bo left between 
therelbre additional aria s^i^l^^''’^ 

11 ni\d)er of arms. These ccar^i^liw© I 


183 , 

■*' Mow space 
3, and 
ling to the 


SO as to leave spaces 

cro'S section sliown at C Ci'-’, 'v'.'-' v} 

^ The object of G. L. Scqttji^i0etrmohTdihg4n^^ 2Iiist(,nt^.;, 
in Figs. 180 and 181, has beei^itb extend the appli(^phpf this 
]u<)c(.‘ss Iiy the use of a portable machine, of small ',$m and c^, ■ 
that can be easily applied for moulding'a-toothed w!bas|-in, any- 
part of a foundry. Having; moulded one. wheel, the rp^hm^ 'cacf. 
ho fixed at another place for \it8e,-or jbfvjplit Tequired ;V 

again, in the meantime leavmg the fomiidiy t^ir. el^f and in te* 
usual condition for ordinary work,.. It will ^bldiwy fouhdiy tb 
su|){ily with rapidity and economy of manufyii^^^^ls possess¬ 
ing tile absolute accuracy which results mom.4Wi*®w.».imichii^^^ 
'riio pedestal A supports a centre pin i^l^^h has aiodlar to 
hear u])on the pedestal, and is provided with a projection that fits ‘ 
into a recess in the top of the pedestal, whereby it is prevented ^ 
Iroiu tuiTiing in its socket. The spindle 0'is boTed to fit on the 
cfiitro ])in B, and is turned to pass up thwiiigh the rest of the; : 
apiiaratns, which it supporm, as shown in semion in Fig, 181, fyt 
screws S S placed in tho ^indle 0 nro, n^ to .fix it, firmly bn; » 
the centre pin B, and this* being secoiod im ih®:- 
tiimous vertical spindle is thl^ qbmin^/^ 
with set screws S S and boioi t6, fit the 0801^ for 

the purpose of elevating ;tl|l,,^paratUS 'ab!^^^.tmi.t|j^^feid^^^^ in 
order the more readily to itilapt; it for mbt^ng breadths 

of wheels. One of these, collars is .ahown^kt S an^'*mipi'her at 
Y in sleekcr-board of 1, 2, 

and 3 inches in thickness ' 


On the spindle -p fe carri^ 
J^’ig. 181, and in 


D,f frhbwn % section in 
tj'wmis ,bl F, connected 
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io;;<‘Uior at tbeir front ends by the ti:ansven>^e piece F, which forms 
tlio l>f’d for the vertical sliding ram 0. - The arms E E are secured 
fo tlio head D, in any required position, by four square-headed 
holts pfissiug through slots in the arms, and through ears cast on 
the 1 leaf I; these bolts being screwed up, bind the arms and head 
liriiily together. The spindle 0 bmtig ^rmly secured in the 
pedestal, forms a stationai|p^<sentre pito for .the machine, on 
which the head D is freeto turn j and^ oh the top of the spindle 
is keyed the worm-wheel H, wim a is made to 
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t he arms E, by the dividing apparatus shown in Fig;. 180. This 
consists of a worm I gearing into the wheel H, and the change 
A\lK‘e!s J J J, the uppermost wheel being on the worm-shaft,*aud 
the lowest one keyed on the shaft K, which is carried by brackets 
on iho arm E, and is provided with a loose collar acting as a 
bearing so that the shaft may he withdrawn for altering the 
change wheels. The swing frame, L, carrying the change wheels, 
is sufficient for two intermediate change wheels if required. On 
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tlie sha.ft Kis fasleaecl; »pripg handle M, which fits a slot in a 
disc ihai^ difided, to ^ide the workinan in the number of turn^i 
to bne ^ ;the shaft. The traversing, screw O is carried by 
brackets on tW arm E> and thrbhgb the nnt N bolted to 

;the head D, so that by tutting ^e scfew 0 by the hand-whetd Mt 
jfche end, the armsaie^ovcd4n <)r <«:^i^ Sid^liie vttrym diametcrH 

■ of wheeisto be mouide^v^':;’':; ^ Y 

On the slide M ^idih i-am G, wliich is 

held in by the covi^^J^^fen ip. shotion in Figs, 180 and 181. 
and a band*^erew .B :m^^'^<5:i^’ to required position. 'J'Lo 
bottom of thoT^is bored bracket T, which is 

'secured indt by stosdy ptos f ^ tbw is attached the segment 
pattern U ,of the wheel teeth to be moulded. The ram is movt d 
up or down by; a hand-wheel Y,,having a worn gearing into a 
worm-wheel, on the shaft of w'hich is a pulley Z ; from this pulley 
two ehaijOB pats in opposite directions, the one being secured to 
the bottom of the ram and the other to the top, and kept always 
tight by means of two locknuts. An adjustable brass collar W is 
fitted on the rajba^ for indicating to the moulder Sfheu the ram is 
^aufidciently .. An eye-bolt is fixed on the top of tlie centre 

pillar 0.of j^ppaehine, for attaching the foundry crane in order 
to remotedhe machine. 

Titd process of moulding a wheel with this or indeed any other 
machine is as follows. A core-box for the arms of the wheel is 
first prepared, as shown in Fig. 182, Fig. 183 also shows two 
radial boards for striokling or sweeping up the form of the top and 
bottom of the .wheel in the sand, which are shaped to the jnoliles 
of the &q^ ittld,h«^k .of the wheel. 'The top hoard P in Fig. 183 
has on its ^ profile of the back of the wheel; and the 

bottom bc^d;,Q on its upper edge the counterpart profile 

of the hack dt the'wlfd^^. and on ito lower edge the profile of the 
face. A pattern is al^ made of a segment of the toothed rirn of 
';^hi^heel, consisting of two teetib only, see Figs. 484 and 190, 
permits of moulding one space at 4 time. 

I^jg^ 185 shows in sectidfi ia mould; ifor ^nr-wheel with corc^s 
set to form the arms, lop box-part jB,' aftd metal runner M U 
complete for casting. The. cf^es-0 as that 

shown with iron grafihg;Gr/^ Jook^ ljfting rod K 

' . '> 1 - '’h 
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to facilitate handling aiid preyent the core from breahing^up. This 
core, it will be seen, is made up Vtth ejUgine ashes at the centre, 
to peimit a free escape for the gases geh^ated when casting. The 
sand in the top box-part is strengthm3^, and held together by 
means of malleable ot cast^dron en^ in order 




that they may hang on the cross-bars ol as shown, 

which cross-bars are also made deep fi»f the swEdS ; in addition 
the hanging sand in the t(^ box-part is^Msb nsnally strengthened 
by means of strips pf wood, in the htanijer described and shown in 
rig. 120, page Oil. ' The orbsshars .B in the . lower box-part for 
the drag are comparativ^y b| 0 ^|V^id ^ ^ith edges slightly 
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bevelled oatvi^ards; tbis allows a greater depth of moulding spucp, 
besides.^eep bars in the drag are quite necessaiy; because the sand 
in it does not hang, as in the top box-part; F L is the foundry floor. 
The moulds proper, ^ shown in the lower box«part, is often made in 
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the sand forming the foundry floor, such as, for ex^ e, with tin 
Scott type of moulding machine, Fig. 180. 

A secure and steady foundation for the moulding machine, is 
obtained by sinking in the sand of the foundry floor, in the desired 

sitimtion, the pe<iestal of the roacliine, which 
is bolted to a cast-iron hape plaie aliont 
4 feet square; sand is then rammed solidly 
upon it, and the pedestal levelled so as to 
be truly vertical. Another spiked form of 
pedestal is shown at S P, Fig. 180, which is 
used for fixing in the sand without a base 
plate. The top of the pedestal is pliiced ahout 
1-5 inches below the floor level, this distauco 
determining the greatest breadth of wheel 
that can be moulded. The centre pin B of 
the machine is then placed in the socket of 
piedestal, for the purpose of forming thcj 
mould jfor the bed of the wheel, and also to 
mould the, top box or other arrangement 
used to cover the mould for casting, by mofuis 
of the striokling board arrangement shown in 
Fig. 188: the rbst of the machine being laid aside for the present. 

In the stiickling hoard arrangement. Fig. 183- is shown tlui 
J rse collar T which is placed upon the centre I>iu B, of sueh 
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iliickness that its upper face is the stune depth below the Boor 
level, as the breadth of the rim of the wheel to be moulded; so 
that the back of the wheel is level with the floor, for conveuience 
of litiing the top box on. This lower collar Y is fixed by a set 
srti ew, and an upper loose* collar X is also fitted on the centre pin 
J\ by a set screw, with its upper face at the .^me height above 
iJjo collar Y as the breadth of the rim of tbfe ihe lower 

<*olliir thus exactly indicates the level of the bed and face of the 
wlieel, and the upper collar that of the back of the wheel. The 
hole is well filled up with sand to the level pf the upper collar ; 
and the iron trammel carrying the top board P is fdaced upon 
tlie spindle B, and worlicd round the collar X, forming a mould 
of the hack of the wheel, which is lightly sprinkled with parting 
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saTid to form the parting for the top box. An ordinary top box, 
vir otlier sufficient covering, is then placed on, and. jammed up 
with sand; and the top hoX is staked in the oi’dinary manner, for 
the purpo.se of marking its correct position relatively to the bottom 
]iart of the wheel, by stakes driven into the sand, and fitting by 
iljc side of corresponding ears npon the topibox. OTie top box is 
lilted clear off, carrying with it the impression of the back of the 
who('l; which impression is finished by turning the box over, and 
slrickling it again vdth a second trammel that carries Iho bottom 
hoard Q. A centre is provided in ^he lop box for this trammel, by 
UK r*iis of a loose collar, in whidi ak twp holts that pass through 
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the tojp iKxt flire ecross the bars of the box. 'J'hi.s 

,collar juts the spio^le B^ and is drawn from it with the to j) 
thus j^xing a strictly accurate centre. By this arrangement 
the ^niaingtcollar can be readily fixed upon any ordinary top box, 
gi^g'fitrmfe'^accuracy.in the mouldinTg, wilhout requiring any 
specif'bdxes, for titm.purposh, 

For :tJie' bed’ of the^j^cwid the top collar X is then 

remoyed, and the mould b^ng dug out to the level of the bottom 
coUar Y; the sand i8.8we|il with the bottom radial board Q, worked 
round upon the bottom collar Y. This forms .tlie mould for ilio 
lower and outer fac^ of the teeth, and finishes the mould r<}U(l y 
to receive the teeth and the cores for the arms; and as both the 
back and the face of the wheel have been struck from the same 
trammel and the samo centre, perfect accuracy is,gg9ured in tluf 
wheel. 

The segmental pattern of the teeth U, Fig. 184, is then fitted 
truly square and central, and secured by screws upon the angle 
bracket T of the vertical sliding ram Gr. The upper portion of 
tlie machine is then placed upon the spindle B, the trammel having 
been removed and the fixing screws in the spindle are screwed up, 
to mainMn the central axis continuous through the machine. Tlie 
Segmeni^,;pattern U is adjusted by the traversing screw 0 to tlie 
correct raSius of the wheel, measuring from the top of the tootli 
to the centre of the machine. The ram G is then lowered to tJjc 
level of the bed of the wheel, and secured at that point hy th(' 
locking wrew S; and the brass collar W is adjusted on the lam and 
fixed , by a set screw, to ensure the ram always stoj^ping at tho 
same level, when lowered for moulding each successive tooth. I’ljC' 
locking, screw S. prevents the ram rising from the pressure ol‘ 
ramming the sand. One space of the wheel teeth is then moulded, 
by ramming the sand in the space left between the pattern and tlio 
‘ edge of the mould previou-dy formed by the strickle board. TIk' 
locking screw S being rel^sed, the ram carrying the pattern is 
raised clear of the mould, and should be traversed round through the 
exact dis^nce of the pitch of the wheel, by means of the dividing 
handle >iiid tli6'change wheels, preinonsly arranged for the required 
pitchl. ,yhe segmental pattern is again lowered, and a second si)aco 
moulded *as‘before. ’ i .. , 
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When all the teeth ,bave beeddi moulded, the fixing screws S S of 
the ceiitre spindle are released, and Ihe whole machine is lifted away, 
hy the foundry crane laying hold of the eye-bolt on the top of 
the spindle, leaving the mould entir^y cl«^torsive the cores for 
the arms and boss. The hole in the top of’ pedestal A is fitted 
witif a cover to keep out the sand, and is then covered over with 
s.iiid, which protects the pedestal^a^dnst sx^bn Of the hot 
metal. The centre core for the whed is adjusted .^ nsual from the 
(‘iiciimfereiiee, and the cores for the arms are set to their places, by 
iiK'aus of wood gauges showing the thickness of the arms and rim. 
4 lie top box is then put on, to cover the mould, being placed in its 
correct position by stakes previously mentioned; the gate or runner 
is formed, the hox duly weighted, and the whole is ready for 
casting. 

Another good machine for wheel moulding is that invented 
hy ^Vm. Whittaker, Oldham, which is shown in plan and section 
ill Fig, 186. 

A is a circular framework cast in one piece, and supporting the 
oihor parts of the machine. B is a circular table, and to this 
is Iceyerl a very ai’curately finished dividing wheel M, containing 
210 teeth, or some other equally divisible number, hy which the 
hihio is revolved, and each revolution is divided into the number of 
i(i(‘th required in the wheel to be moulded, motion being cmnmnni- 
raled through the change wheels OP, from the handle N, to the 
■worm 0, worlxing in the worm-wheel M. 

'I'he dividing wheel JVf and the worm C are well protected from 
I lie dust and grit, which accumulate in a foundry, and if lodging 
(Hi the worm or wheel, would be very injurious to such an important 
]iart of the machine. l> is a turned pillar fitted in.tlie^ket B, in 
which it slides up and down to suit the depth qf wheel, to be inude, 
and snp])orted by the ]^k E. The pdlxn;'wiU/xbV0l[i^'. to obtain 
any radius required, from the centre J’ to ihie pi#sh line of the 
])a,ttcrn T. *■.’ .5 .. 4 .',' ' 

F ib a horizontal slide, usetl dbiefly,in making worm-wheels. 
At the end of the slide F is the yerti^j^^e G, for lowering and 
1 aising the pattern'T to and from th^ x^uld. 

Having ascertained the ^iz^ , be made, it is ne- 

ccHsary to set them full a drawing board, 
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in order to get the proper form of strbkling hoard aad core-hox 
for the arms. It is also necessary to draw in full a short segment 
of rim, showing the proper Ibrm and size of a few cogs. The block 
or segment pattern is made with two teeth only, as with Scott’s 
machine. 

Tlie moulding from two teeth is executed with greater pre- 
tnsion than would be the case, if the moulding was to be done from 
a ])attem with a greater nUihber of teeth ; because one and the same 
tootli is moulded throughout the whole wheel ; so that with a good 
division wheel, all the teeth in the mould are identicah 

Tlio next part of the pattern is the strickliug board, shown at 
A and 1?, Fig. 187, placed horizontally, the latter for bevel and 
Iho tbnner for spur-wheels. These boards are shaped to the exact 
section of the wheels intended to be made, tlie edge ahe forming 
tlie lower part of the mould, or that part which is to receive the* 
tc('ih: and the e'dge de forms the moulds for the back nart of the 
hi'vel, or top side, of sjnir-whcels, or in other words ahe form that 
]iiirt of mould made in the bottom moulding box, and de form 
i iifit ftart of the mould made in top box ; the edges e and e foming 
tlu" parting surface for the two moulds. The board is bolted or 
s< Tewed to the iron bracket V, through which is bored the hole 
to fit on tlie spindle J, in the centre of the macliine. The same 
bracbot is used for all wheels, as the boards can be detached by 
lal.ing out tlio bolts or screws. 

The other part of the pattern is the core-hox for space between 
arms, rim, and boss. It is not iKscessary to enter into any descrip¬ 
tion further than that it is used to form the section, rim, boss, and- 
sj'ac(> required between the arms of wheel intended to be made, one 
box, as shown in Fig. 1S2, serving for the whole wheel. 

The moulding boxes to be used with this machine are bored, 
turned .at the joints, and fitted together in pairs,, the bottom box 
L only being used on the table of the machine. The slides F (J, 
to which arc attached the whole of the top. ^tt of the machine, are 
bolted to the top of the pillar B through the flange Dh By 
revolving the pillar I), the whole-of the elides F G and appendages 
are moved from over the table B, leaving the ttible quite clear and 
free from all obstructions. nsonlding box L is then placed on 
the table U. The centres of the,^tftlde,and moulding box are bored 
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one suse,^;,^ thd eentro'Bpindle O', is dropped into boUi 

centra ftil^ plad&g.l^e lx>x ozl;tb^ tikbfe. The box is then filled 
>vith and rammed in the nenait^^/leaTingsuffioient space for 
tilling or facing np the mould n^w facing sand. 

The stricklm^ boarf, 187.JB Jihen applied; the hole x 

in the bracks V, to udiieh the strickling board is attached, being 
bored to fit the centre spindle on i^hidh it revolves, supported in 
the centre by a hoop dn the spindle J, 'and the edge c, resting on 
the top edge of thn box 1*. , By moving the board round, tlie 
Spindle describi&s the proper of mould preparatory to receiving 
the teeth. 

The segment o* patleicn T, is screwed to an iron angle hrackt t, 
and secured in the socket Z.. The upper portion of the machiini 
G Z is then brought in position over the mould and secured; tiie 



Fig. 187. 

projier radius and pewition being ascertained, the pattern is lowered 
on the sand-bed already prepared by the strickling board. 

Prior to this, the number of teeth in the wheel intended to lx; 
moulded being found, the operator puts on the requisite change 
wheels O P, coiociding with the dividing wheel and the w])e(3l to ]»e 
moulded. There is a list or table of changes sent with each 
machine, showing what wheels to use and how to place them, so 
that the time and trouble of the workman having to calculate tliose 
himself i6 ^spensed With. , 

Say, for oianhple, a wheel to make with fifty-five cogs, 

he would place than, accoar^ijc^ to the table, in the following 
order:— 


V 


Wo. In Wheel 
Vi Se mode. 

* 

IIJ ' '3 

Handle 


No of taniB jwr 
Tooth. 

-■rii 



' ’I*.-. 
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If the mad lino is heavy to ^ork, thrs^hi i^tih^i^arge box 
filled with sand, the relieving sdrew W,is. applied ioSo bottotn 
of' apiiidlc J, and the machine will then,work ^th ease. 

The workman then proceeds , filling M b^ the two 
teef.li in the pattern with sand, and, having the sand 

to suflicient and uniform hardness^ he raiees the |^ttem from the 
wind by the hand-wheel H, forking a J)hiion and whidh raises 
tlio varti 9 al slide G to whici^ the pattern, is aliaohe^, and is held 
wlion raised by ratchet-whedi.and retaining pall, 

'The requisite number of turns fe then made with the handle N, 
Sind the pattern lowered into the mould by the hand-wheel H. On 
lowering the pattern in the sand for the second tooth, the operator 
bIiouM particularly notice, when lowering, whether the pattern tooth 
displaces or presses too hard on the sand tooth, and if it should do 
oitlior, the wheel he is making is too small in diameter for the 
and number of teeth intended, and it is necessary to make the 
wIk'oI a little larger. This is very easily and readily accomplished 
hy releasing the pillar D in the socket R, where it is secured whilst 
the moulding is in process, and then increasing the radius J T, 
I' ig. 18(). If, on the contrary, it is found that a space is left between 
the pattern tooth and the sand tooth, on lowering the pattern for 
llie second tooth, the wheel is too large, and the radius requires 
roiilracting. If the segment tooth only just touches the sand tooth 
without displacing the sand, the wheel is then the proper size. It 
always indicates, on making the second tooth, whether the mould is 
n.L^iii, and if it is right, the workman proceeds to fill between the 
two t(!oth of the pattern with sand as before, and so repeats the 
<))>< r.Ltiou until the whole wheel is finished. 

It is obvious that by the above process the moulder cannot err, 
for the first tooth will indicate any irregularity, whether in.me ot 
wheel or numher of teeth. - 


‘ ' I 'i * ♦ 

Having filled in and rammed all the t^th required, the box h, 
ooiiijiiiiing the mould, can be removed froth the machine, and 
])lacc(l oil the foundry floor, and theis ready to receive 


.mother wheel. It is not necessary to , case or even to finish the 
mould on the machiue, but haying ;^h;^vhd the, mould entirely 
f rom the machine to the floor, anoth^^orkman can easily finish it 


hy putting in the arm core?, 




making the top part, 
2 K 
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and putMj^'tbe ^xes^^together, whilst some one accustomed to 
workiiig*e machiae is proceeding with another wheel. 

The top part or box does not require to be placed on the 
maohine at all It has a small hole bored through the centre, m 
which is^httsd-a spindle, and on this spindle the bracket V lits 
exactly as in the bottom part; the board does not require taking nil’ 
the hracliet, but both ar6 inverted together, and the ei^ges d c servn 
the same purpose in the top box that^ b e did in the bottom l-ov. 

Having done this, and iaced up and finished tho moulds witli 
charcoal or other powdeT'iu the usual way, the boxes are ])nt 
together and the mpnld is ready for casting. 

The use of gear-wheels to effect the regular movement of the 
table in,wheehin6uldmg machines has been objected to by some, 
and in Bellington and Darby shire’s machine the use of geared 
wheels is done away with, and their place is taken by adapting to 
the table a perforated rim or ring of metal, called the dividing 
’ ring, which is placed above the periphery of tlio revolving table, 
and arranged to operate in conjunction wilh a locking device. 
The ring or rim is made to answer tho same purpf)so as tin' 
dividing plate on a wheel-cutting maebine, and to this end is 
perforated with a series of seta of holes in parallel lines around 
its periphery. 

The table is held firmly in the required poS^ition by means of 
a screw pin suitably mounted, the end of which engages wilh the 
holes on the di^ding ring, and after each tooth of tho whofd has 
been moulded, the screw or pin may he withdrawn, until the next 
hole in the dividing ring is brought opposite to it, by the turning 
of the table by of the screw and worm-wheel, to be again 
held in position during the operation of moulding the next tooth. 
By this arrangement the revolving table itself is fastened direct iy 
and securely in position, at a point outside its largest diameter, 
. thus giving to it a maximum of steadiness, which cannot be 
attained by any arrangement of geared wheels. 

The cost of patterns for machine-wheel moulding is merely 
nominal, compared with the making of whole patterns, and if 
destrojfed these are easily replaced. Again, the storage for wliole 
patterns is generally very large and expensive, whereas if made by 
machine the storage will hot exceed 10 to per cent, of the room 



whittakkr’s wheel-moulding machine. 4!)9 

occupied by whole patterns. Whole patterns are very subject to 
get out of truth by variations of temperature, and it is very costly, 
even if at all practicable, to keep a room at one temperature. On 
the other hand, if the blocks for wheel moulding |(^,out of truth, 
they are soon replaced at a very small cost, and w||)els made by 
luachiuery are certainly more accurate them whe^ 'made from a 
pattern. '-.c' ■ ■ . 

In Whittaker’s machine every arra]|gement is very convenient 
and compact, each machine being so constructed that a wheel can 
be made in it from 3 inches jo 12 feet diameter. workman 
is ill an upright stationary position whilst at work, which enables 
him to wurk with more power, comfort, and less fatigue than if in 
a Icneeliiig or stooping position, while all his sand, tools, and ap¬ 
pliances, being close at hand, he need not move until he has 
linislifid his mould; while so far as can be, the whole of the 
dividing apparatus is in equilibrium when at work, and all the 
motions or slides, both vertical and horizontal, are in line with 
i.lie Ixise, so that the respective parts of the machine are true to 
eucli other. 

With this later type of wheel moulding and revolving^ table 
coiuhined, any number of box-parts each containing a moulded 
ring of tt?eth may be made, and removed one after the other to 
the foundry floor for completion with the necessary cores to form 
the iirms, &c., the box is then closed with a correspon|^Dg half 
mould or top part made separately, or if suitable, by another 
un)iildiug machine, each mould is now completed and ready for 
casting without disturbing the moulding machine in any way; this 
is a groat advantage in some instances as compared with the pro¬ 
cess uLeu tne Scott’s moulding machine is used, Figs. 180 181. 

d'lic macliinery or upper portion of which must be removed for the 
jilacing of cores, finishing, &c., before it can be made ready for 
easting. With Scott’s machine also it will be seen that the main 
portion of the wheel mould is made in the foundry floor so that a 
toj) box-part only is required; with the table type of machine again, 
such as Whittaker’s, Fig. 186, the range of sizes v of wheels which 
f an ho moulded is limited to 6 or 8 feet diameter. 

J''ig. 188 illustrates another form of toothed wheel moulding 
• See Engineering, March 12, 1897. 
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inadiin^ by Messrs. Biiekley and Taylor, of Oldbam, suitable for 
turning'’(ySk'V?beels up to 25 feet in diameter; in this, as in Scott’s 
machine, the luain portion of the mould with t^^th formations is 



Fw. 188 . 

formed in the foundry floor, and therefore only requires a top box 
part to complete the mould, the machine being previously romovt'd 
for that purpose from the central portion slmwn to one side out of 
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ilic way. In Fig. 188, F P is the fountlation plate beddel perma- 
la'iitly into the foundry floor. ’ R P is a deep ring casting with 
central eye bracketed to the outer rihg^ which is tapered to facilitate 



Fia. 181). 

its removal from the central position shown when necessary. The 
niouMing jib or arm M A. is traversed, i^dially by means of a screw 
and hand wheel H W. The arm yrjprks in suitably long ^ guide 
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Beatings 'wi& loose strips, by means of which the arm, after being 
accurately adjusted h) the radius of wheel required, is finally held 
so im to prevent any tendency to tipping. At the one end of tliin 
moifiding arm M A is fitted t|^b necessary mechanism for the 
vertical movemenit of the teeth pattern block. The rotating worm 
and worm-wheel mechanism by which the pattern block is accu¬ 
rately pitched after each tooth mould has been completed, in this 
machine is somewhat similar to tliat in Whittaker’s machine. 'J’hc 
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Fio. 190. 


various pitches of teeth being ob¬ 
tained by means of change spur wlicels 
S and W, operated by the small hand 
wheel H. 

Another type* of toothed wheel 
moulding machine, Fig. 189, designed 
by Messrs, Urquhart, Lindsay & Co., 
Dundee, consist of a permanently fixed 
column mounted at top end with a jil> 
•arm having deep eye bored out, by 
means which it can rotate horizon¬ 
tally. The vertical spindle which carries 
the necessary pitch rotating gc-ar. alio 
cross slide at bottom end for pattern 
block has no radial movement, ddiis 
machine may be used either for making 
the lower or main portion of th(i monKl 
n the foundry floor, or in two part 
boxes ; in any case each mould remains 
in its original position, while the jib 
with its moulding spindle and otlu r 
mechanism is raised out clear of tint 


mould and swung round just sufficiently to give the desired space 
for another mould or box part. This process is continued if noci s- 
sary until the jib, &c,, has made a complete revolution about tlio 
permanent column which supports them. Tho number of moulds 
that can he made in this manner without blocking up or in any 
way stopping or changing, will, of course, depend on the size of 
the box parts, and also the circumference of the circle described 


• See Engineering^ March 26,1897. 
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l)y a point at the centre of the spindle conveying the rotating and 
other mechanism. In many cases the amount of space around 
the central spindle as indicated, will be suflacieut for the numher, 
(►f moulds completed in one day, 

'.y swinging the jib round clear, 
ns described, crane power may be 
t'M siJy applied for easier handling 
of lieavy box-parts. 

Fig. 190 illustrates some of 
the standard types of tooth pat¬ 
tern blocks in general use. The 
QKUul practice is to have two teeth 
as sliown, but three or’^more teeth are sometinaes adopted acedyding 
to eircunistunces. S[)eeial care is reg^uired in selecting the klpid.: 
iiiid quality of wo(h 1 used; yellow pine blocks with mohoganjr', 
pieces dovetailed across the breadth of the face, or as shown 




Fio. 19^. 


Phg. l(ir»; tlic te(dh should bo carefully drawn iw a-lipady de- 
Hciibed, so tliat when cast thoy luay liftve.. the tequired curved 
faces and Hanks. - 

In order to avoid the great expenee: of ^patterns for spur-gear 
wheels, when a suitable *wheel mbaldlpg .machine is not con¬ 
veniently available, a yerj good jnihod is that of sweeping up 
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t^e^otihl m a similar niaaner to that (iescribcd as piut 

. ^ toothed wheel moulding by machinery. Tlu> 

i.1^$h'iit.the itOh rim being formed in the castin/^s by means oi a 
shitaWe ntimber of segmental cori^s made in a Wooden core box, 
>if^ho:o^te^^ion shown in Pig. 491. The eirouiar outer edges 
these oorei^meuts pJroject i^yond the tips of the teeth to an 
eittent that corresponds ,exaqtiy to the circular, bearing Ibrined at 
the outer circumference of th© mould, as shown in Pig. 192. 'J'lu* 
.,arms and boss b^ing f<^ed :by means of cores, as already descrilx d 
aitd illustrat^^lfijPig^^ l^;,^^ or other means according to 
the sliape of Jm'eW d;^ir8** 
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CHILL-CASTING. 




(’iiTi.L-cASTiNG eoiivcrts iuto white iron the outer skin of a castin" 
in.‘ulri fioru certain qualities of the depth to which this 

ail oration extends is capable of hell||’jregulated. This white «ist 
iion is very hard, brittle,, and cryslalline, and scarcely differs in 
jthysiciil properties froDdrsteel, except that it cannot be “ tempered.” 
In this case the whole,„or nearly tlie wlmle, of the carbon contained 
111 the iron .is in a state of chemical combination with it; whilst in 
the darker irons most of the carbon is diffused throughout the 
mass in tlie form of small particles or scales. 

If the cast iron contains a large proportion of manganese, the 
amount of eximbined carbon may be as much as 10 per cent., but 
ordinary pig iron seldom dlntainB more than 5 per cent, of coin- 
l inod carbon (see Tables I. toYn.,page^ 12-15). These particles 
of imcombiiiod carbon must, whilst the metal is in a melted state, 
ho combined with it, for being of a much less specific gmvity, loss 
tiian half, if they were floating about in separate p.articles, they 
Asunld necessarily come to the surface of the metal. 

If a thin .slieel of grey cast iron is rapidly cooled, it becomes 
w hiU'r, that is to say, a larger proportion of its carbon is held in 
cli(*niical combination. AVhite cast iron may also be obtained from' 
,t;j’ry ]iig, by alternately melting and cooling it in the ordinary 
maniu'r (see pages 5ff-66). Wlien it is desired to obtain a white 


iron direct from the blast-furnace, the proportion of filial is reduced 
i 1)1 low the amount usually allowed for the same <|Uftntity of ore and 
/blast, if a good grey iron were required.!^, . 

'i'hose facts explain the resulj^ Wh^^jl aip obtained by the pro¬ 
cess of “chilling ” a casting j of the ca.sting is in 

roiduct. with the “ chill ” it,, is, for a c^arn distance in, conveitod 
into a liavd white iron, whilst t^xh^riOT Of the casting will 
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rearnin fame general nature, as to colour and toughness, as 
the pig fi:0^''iir^ioh it was cast. The sudden coolihg of the metal, 
prevents j^O^colaiifeine^ carbon near the outer "jwrtion from separat¬ 
ing, wher^' lhe cooling of the inner portion of the metal being 
more gi^ual, allows it to resume its normal condition. The sus¬ 
pended pfttioles of carbon which are held in the metal near the 
exterior of the casting, are supposed to be forced inwards into the 
interior, or still fluid portion, of the casting. 

' All, or nearly all, the carbon in the chilled portion of the cast¬ 
ing is therefore in chemical combination with the metal, whilst that 
in the interior remains sum||gded as separate atoms or scales. 
Such is the generally accejpp theory of chilled castings, which 
may indeed be open to ohjeotidn; the practical result is, however, 
beyond any question. 



Fio. 193. 

4 

A good example of the form of chill-moulds is shown in Fig. 11>.‘5, 
which represents a chill-mould iu which a. railway wheel is cast . 
It consists of three boxes. The lower is a box of common round 
form, merely to hold the sand and give support to the centre core 
and the middle box. The upper box is of a similar form, also 
round. The middle box 11 is a solid ring, cast of mottled iioii. 
aud bored out upon a turning lathe, giving its interior the reverse 
of the exact outer form of the rim of the wheel. This middle box 
ought to be at least as heavy as tlie wheel is to be after casting, 
aud it is preferable if it has two or three times that weight. All 
the three b(»:es are joined by lugs and pins as usual, and the latter 
ought to fit well without being too tight. The chief difficulty in 
casimg these chilled wheels, is to make the cast of a uniform strain 
to prevent the wheels from breaking, and wheels with spokes or 
arms are vefy liable to this. 

At present most of these wheels are cast with corrugated 
discs or plates; in this way the hnb may be cast solid, and the 
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wheel is not so liable to be subjected to an unequal strain in the 
metal as when cast .with spokes. In such plate-wheels the whole 
space between the rim and the hub is filled by mehil, which, 
however, in most cases, is not more than f inch or 1 inch thick. 
The rim of a araod wheel should be as hard as hardened steel at 
its periphery, Init soft and grey in its central |)ar1®.i|_The first 
frecpiisite is more safely attaint by having a heairy chill; but if the 
I chill is too heavy, the inner parts are apt to suffer from the cooling 
[qualities of the dhill. 'Success in this branch of founding dejiends 
j very much on the quality of the iron of which the wheels are cast. 
Soon after casting such wheels it jjiiiidnsablo to open the' motild, 


and remove the sand from the cemllf^prtion, so as to make it cool 



■ Fig. 194. 


faster; this precaution saves many castings, not only in this 
j)iirticular case, but in many other instances. Uniformity in 
cooling is as necessary to success as good moulding. 

Chilled rollers are the most important examples of, chilled 
castings. The mould for a chilled roller consists of three parts, jis 
sljown ill Fig. 194. The lower lx)x of iron or wood is filled with 
“ new sand,” or a strong composition of clay and sand, in which a 
wood pattern is moulded, which forms the coupling and the neck 
of the roller. The middle part of the mould ia the chill, a heavy 
iron cylinder well bored. The npjier part eff the mould again 
consists of a box, but is higher than the lower box, so as to make 
r(tom for the head in which the impurities of the iron, sullage, are 
to be gathered. The two hox^ with their conteuts of sand must 
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Ije well dried. In some estaUisbmente tlie two ends of the roller 
are monlded in loam, over tbe cliUl, to secure concentricity of 
roller and ennpliug; but this can be quite as safely arrived at by 
httiia^ the ears and pins of the boxes well to the chill. 

|ChiU is the mpprtant part in th^s^ mould; to Xoast 

; jbeavY as the roll er w hich is to be cast, in it, and 

provided with wrought-iroh h(^ps to prevent its falling to pico(^-<, 
Ifor it will certainly emck if not iJuade of very strong cast iron. 

I The iron of whioh a-ohill, is caidrrs to be strong, fine-grained, and 
fbot tog .^e y. Grey iron, is .tOo had a conductor of heat; it is 
I liable to melt with the ealiih^|||ton that makes a good roller will 
I ]jiuke a good chUl. The fi^^rthe mould is hlackened like .any 
(itlier mould, but the blackening must be stronger than in otlar 
cases, to resist more the abrasive motion of tbe fiuid metal. 'Hie 
Icbill is blackened with a thin coating of very fine black-leiul, 
W ^ed with Jbe . purest kind of clay; this coating is to be very 
Ithin, dr it will scale off before it is of service. 

The most important point in making chilled rollers is the inoilo 
of casting them, and the quality of^on used. To cast a roller, 
whether a chilled roller or any othi^Trom the top would cause a 
failure. All rollers mu8M)3 ca.st from below. It is not sn/lieieut 
to conduct the iron in below; there is a particular way in which ilie 
he.st roller may be cast, for almost every kind of iron. The gcncnil 
mode is shown in Fig. 194. In 0 is represented the east-gale and 
channel, as it is seen from above. Tiie gate is conducted to llie 
^ lower journal of the roller, and its channel continues to a certain 
distance around it,. It touches the mould in a tangeniial direct imi. 
Ill casting fluid metal in. this gate the metal will assume a rotary 
motion around the axis of the roller, or the axis of the inonli!. 
This motion will carry all the heavy and pure iron towards tluj 
periphery, or the face of the mould, and the sullage will concen¬ 
trate ill the centre. It is a bad pl§n to, lead the current of hot iron 
upon the chill for it would burn a hole into it, and melt chill and 
: rclfl^/in.that place together. The gate must be iu the lower box, 
in tW^and or the loam mould. Tbe q^iality of the melted iron 
mbdij^ lii some measure the form gf,the gate; stiff or cold iron 
requires U rapid circular motion, while fluid* thin iron must have 
less motion, or it is liable to adher^.|p;,|ig^^^lL The roller must 
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1)0 kept in the mould until perfectly nool, hut the cooling may be 
iKjcelorated by digging tip the Sand ai^uhd>.the chill. * 

As an instance of the very ^ifect of ohiUing, maybe 

cited the chilled cast-iron railvfay chairs, jurented about tvrenty-five 
years ago, by E. A. Cowper, which’ speedily Came into,,very general 
nsc. As the invention was simply a chtsaper "mode producing 
better castings, it may bo described in: a very few words. 

The importance of a railway chair being a strong, accurate, and 



seiiiui ciisling, must at once bo apparent to every mechanical man ; 
its tlic (aihiro of any one of these on a line of luilway may be 
aiicndcil with most serious oensoquenees. 

On referring to Fig. 195 it will be that A A is the iron 
j-atterii; (he inside of the pattern is not the sliape of the intended 
chair, hut the edges of the jaws are provided to receive cast-iron 
c1iill-i)lates, B and C, which are made"^ so as to give the required 
Ibnu to the inside of the casting. These chffl^lates are dotted in 





510 


FOUNDING AND CASTING. 


The pattern being placed in the mpnlditig box as shown, the 
chill-plates were placed therein, one in contact with each jaw of 
the pattern. I'he sand was thrown into the box, and some of it 
rammed between the chill-plates, thus effectually securing tln'ir 
close contact with the pattern; the remainder of the sand was well 
rammed in until the box was full. The box and its contents wero 
then turned upside down, in the usual way; the pattern slightly 
rappal, and afterwards withdrawn, by means of a screwed lifting 
pin ; the cliill-plates being left in the sand, formed a good gnido 
to the pattern as it was withdrawn. The top box was put on, 
having previously been rammed up on another board, technically 
called an “ odd-side board ”; the melted metal was* then poured 
in, and the lasting was complete. As soon as the metal liad 
thoroughly set, the casting was turned out, and the chill-plalcs 
dropped out of themselves. On the finished chair shown in 
Fig; 195, DD are the two portions that are cast in the chills Ji 
and 0. * 

The chill-plates were simply good castings, made from an iron 
pattern, not filed up, or fitted in any way, as the iron pittern of 
the chair was fitted to them, and the metal-chills being closely 
pressed by the sand against the metal pattern, great accuracy was 
detained in the position of the chills; indeed, it was a very rare 
thing for the shape or inclination of the jaws of the chair to vary 
anything like ^ of an inch. 

It was found that the chill-plates stood exceedingly well, and in 
fact many hundred tons might he cast off one set of them ; this 
was partly owing to their not being very thick, so that they sooji 
got hot through, and did not strain or warp; the chairs w'ere 
chilled' just suflSciently to give a good, true face, but were ]u»t 
chilled-in very deep, in consequence of the chill-plates not being 
very thick, and the chairs themselves containing a large quantity 
of metal. 

On this plan of casting chairs, boys only were employed for 
moulding, as the great ease and safety with which the pattern was 
withdrawn did away with the necessity of regular moulders being 
employed ; thus considerably reducing the cost of the chairs. 

" Chillsare ^mpst always made of cast iron, in a few exee]»- 
tional cases only i^ronght iron sub^itufed. 
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The greatest practical adTantage to be deiived from the process 
of chilling is in cases 'fchere a union of sereral opposite qualities is 
rlcsircd in the same casting. It ^irould he dilBeult to over-estimate 
the value of the combination in a pair of chilled rolls, for instance, 
of ail exterior ae hard and dense as hard steeh capable of being 
turned or cut to a smooth polished surface, with an internal core, 
so to speak, of the best soft tough cast iron. 

'file chilled portion of the casting is of a higher specific gravity 
and harder than the interior, uniform in texture, and crystalline. 

Even where the metal employed in the casting was originally a 
white iron, the chilled portion is found to be rather harder, and its 
crystalline formation more regular. Such a metnl as white cast 
iron should not, however, be employed for chilled castings, as the 
interior would not be so tough and strong as it should be. 

Dark grey irons are not at all adapted for the purposes of 
cllillod castings, Ko. 1 Scotch pig being particularly imsuitahlo; 
when the right quality of iron cannot be obtained, it is sometimes 
necessary to melt up a suitable proportion of hard white scrap cast 
iron, with the soft dark grey iron, which alone would scarcely chill 
at all. 

Hard, lough, bright grey, or mottled pig, having small crystals 
and a good uniform texture, are well adapted fer the purpose, 
]>rovided they do not contain an excess of uncorabined carl)oa; the 
})resenO0 of manganese in the pig-iron, or the addition of a little 
spiogeleisen, improves the quality of the castings. 

Where the shape an<l size of the casting are-such that the mass 
of metal in the interior will long retain its heat, much of the etfect 
of chilling is lost; the greater the proportion the chilled surface 
1 tears to the size of the casting, the more effectual the cliilling will 
be. The depth to which the “ chill ” may be formed in castings 
admits of a certain amount of regulation, but there are also circum¬ 
stance affecting the castings which are at times alimrit beyond 
control. 

It is not always possible to obtain the right quality of iron; 
the size and shape of a casting cannot always he well adapted for 
chilling; or the chill-moulds may not be of sufficient depth of 
metal, to conduct away the heat iVoin the molten metal with the 
necessary rapidity, to allow it- ,t6 ‘solidify without being again 
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melteS by of/lient from the molten metal iu the 

mterior;. ■'•/ ■ "'.''If:''' 

A^umiii^|';ej!in;d£k3£fl,ca8tii^;of eomaSor lOinches diauielor, 
: a depth . of ichilV'of at lf»8t 1 ipch ean he. obtained, provided tlie 
metal employed is at all fit for the ptirpo.!je, and, i^th the iron lx .si, 
snited for ehillmg a much gfemiec depth can te obtained, with 
proper core as to the, moulds, &q, ^iut ini the great majority oi 
cases 1 inch depth of is sufiicient. 

For castings that will have much surface wear, such as in rolling 
metal, dr crushing minerals, allowance should be made in the 
of the chill for the removal of ;d;he exterior of the rolls, by their 
repeatedly being turned in the lathe, as their surfaces become worn 
or injured in use. 

At tb© same time it must be remembered, that the greater tho 
depth to which the chill is carried the,more brittle is the casting. 
The chief strength of the casting is in its tough, unaltered, undal 
beneath the hard ohilled surface. 


In considering the advisability of the greater or less clei)th of 
chill, therefore, estimate the extent to which the casting may he 
worn or turned before it becomes necessary to replace it. 

Avoid chilling to a greater depth than necessary, especially in 
eases where strength is required in the castings, to resist transvt'rse 
and other strains. 


In casting large chilled rolls, the moulds for the ends and necks 
should be of dry sand, or loam, properly built up and conned<•(! 
with tlic iron chill for the roll itself. Or the iron chill for the t‘mU 
and necks can .be'made much thinner and lighter in substance than 
that lor the centre. ** 

The mass of metal in the chill largely influences the depth of the 
chilled portion of a casting; it is necessary not only that it should be 
sufficient to reduce the temperature, in a few minutes, of the iron f)n 
the suriJice.ftom, the temperature at which it is poured, say 2500 ' 
that of solidification, say about 1000®, when it is bright, 
Wct;fn delight, but also that it ^ould he capable of absorbing the 
.,heat>^h.ich will radiate from the interior of the casting, so as to 
pi’event.j^e' solidified and chilled surface from being remcltcd by 
the radiailen ^llfitemal heat. ; ' r 
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lire made of sand or loam, the danger is lessened to a ^er lain extent 
hy tlio porous material allowing of the escape of some of the pent- 
up gases and steam generated by the intense heat of the cjtat 
metal. 

When, however, chill-moulds are used, the^ utm^t precaution 
is required to have them absolutely dry f<>r use. " 

Tliis entire freedom from moisture could scar^ly be obtained, 
still less preserved, in the warm damp air of a foundry, with per- 
sj)iriiig workmen hurrying about; the steaig and vapour would at 
once com louse on the surface of an iron chill-mould, if it were 
l)r()Uglit cold into the shop. Consequently the chill is always 
Li alod to a considerable extent before pouring, a precaution which 
ir is all tlie more necessary to observe when the chill is to be used 
in conj miction with sand or loam moulds. If this were not done 
any diiiupness lel’t in tlie sand or loam would probably lie driven 
oiil, and at once condense on the surface of the chill, if that were 
not In atcd to a teuipcnature cousiderahlyMgher than that of the 
^ui rouiiding atmosphere. ' 

1’lic steam and gases which would lie formed in a damjj chill- 
juonld, when the metal was poured, having no means of escape, 
wmild ac(|nirc tremendous exjxmeive force, and would either burst 
the inonltl and send the liquid iron spirting about amongst tlie 
idunders, or at least, ruin the casting and distort the mould. 

It would a])pear that to heat the mould would impair its 
pntpiu'ty of chilling the metal poured into it. Yet in practice it 
i". iml found to have this effect, even when heated to 250^' P-‘ 

It is even asserted that a superior chill” is obtained from a 
Imt mould than from a cold one, cetkids paribvs; it must be re- 
lueiuhcred that with a mould heated even to 250'’ there is a large 
margin of difference between that temperature and that of 
melted iron poured into it, and it is supposed that the chill has a 
greater tendency to conduct away heat from, the metal cast in it if 
it, the chill, be prex ionsly heated to about the temperature above 
iiami'd. 

'riie heaf. given out by the cast metal penetrates through the 
chill with e.xtj-aordinary rapidity, and if the walls of the chill are 
not sufficiently thick to absorb th© greater portion of the heat, con- 
sich raltlo risk is run, that either the .pasting and the mould may 
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fuse togetW In one soM mass, or that the effect of chilling niny 
be neutralised hy the heat evolved from the central portion of thi* 
casting not being conJucted away with suflBcient rapidity. 

An importfmt point to be observed here is the almost irresistible 
force.with which expansion takes place ; and whiqh if not providt' l 
for may lead to the bursting of the iron chill-mould. One method 
to avoid such evils often adopted, where suitable, is to ha^’e the 
chill-moulds made iu halves, these being held together in })()sitioo 
by moans of bolts and nuts in combination with some special ionn 
of spring washers, capable of bolding the chill-mould accurately 
during the casting process, but adjusted so as to yield sufficicnllv 
under the excessive bursting I'orce due to expansion of the casting, 
which takes place immediately the metal becomes solid. Tim 
period and extent of this expansion is fully discussed in a ])revions 
chapter and illustrated in Figs. 3 and 4, pages 27 to 29. (ileiior.ilJy 
speaking, however, it is not convenient or suitahlo to have such 
moulds in parts as descjribed. 

To avoid these evmlf the mass of the chill must be pi oju ily 
proportioned to the area of the portion of the casting whicli jc- 
quires to be chilled in relation to its entire bulk. In the case of a 
casting which has to bo chilled over its entire surface, th<j weigh I 
of the chill-mould should be about three times that of the casting 
to be made from it, presuming the casting not to be of excej)- 
tionafTy large dimensions. 

So varied, however, are the circumstances under which chill- 
moulds have to be employed, that experience is almost the only 
possible guide for their construction. 

It is desirable not to make the chill-mould thicker than is 
necessary to enable it to carry off the amount of heat from the 
casting, from the fact that the thicker it is the more liable it is to 
crack from the severe strains put upon it by the expansion of ils 
inner portion when the great and sndden heat of the molten met.il 
£rst comes upon it. 

This expansion, and t^e subsequent contraction in cooling, can¬ 
not but be unequal, and the larger and Iihicker the chill-mould, the 
greater is the risk of a fracture. 

In the preparation of large chills, it is always advisable to 
sbriiik wroughtr-iron hoops round them where possible. 
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Certain results liave to be decided upon beforehand, and the 
founder must use his utmost skill to attain them in the safest and 
most economical manner; the utmost that science can do to assist 
liim consists in pointing out what evils to avoid, or how best to 
rectify the damages occasion«jd by want of judgment or scientific 
knowledge. 

In a foundry where many chilled castings from different moulds 
have to be made, it .will he apparent that it is to the interest of the 
founder not to make these chills any larger, or heavier, than is 
absolutely necessary to effect the desired result; cost of the metal 
in the moulds, and the amount of room required for their storage, 
snflici<^ntly explain this. 

'J’liere are several ways of finishing the interior surfaces of the 
c'hiil-mould before using it for easting. 

I'or (iuc cjistings the mould must either be l)ored or machine 
jiiaiied, after which a coat of rust is allowed to form upon it; this 
is oi'iained either by wetting it for a few days with dilute hydro¬ 
chloric acid, or with urine. I’he object df this coat of rust is to 
pi event the casting from adhering to the chill, but no “clay wash ” 
must on any account bo applied to the chill, as it would hinder its 
absorption of heat from the casting, and the rust itself must also 
be niblxid uvi'ay for the same reason. Wlien the suiface of tlie chill 
lias been thus prepared, and just previous to the casting, a thin even 
coating of blackwash, or black-lead, is applied. If, liovvever, the 
Mirl'ace of the cliill has been tolerably well oxidised beforehand, 
tins coating may be dispensed with, although, as a rule, founders 
pieter to apply some kind of wash before pouring. 

As the iron wliich is best adapted for chilled castings does not 
flow very freely, it is necessary that it should lie at a high tempe¬ 
rature at the moment of pouring, more particularly as it will have 
to ]iMrt with its heat so rapidly on entering the mould that it may 
solidny in iiregular blotches, or clots, if it has not a sufficient store 
of surplus heat to keep the whole of the mass of metal in a liquid 
or iK'arly liquid, state until the completion of the pouring. 

I’or the same reason the casting arrangements should be such 
that the mould may he rapidly filled by a large stream, or streams, 
of melal, so directed, however, as to avoid, as far as possible, coming 
into continued and violent contact with the surface of the chill, 

r 2 L 2 * 
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whieb would thus soon become seriously damaged at such points of 
contact. Hie life of a chill-mould depends considerably upon the 
care with which it is used; if its surface becomes slightly damaged 
from the action of the molten metal, it may be patched up with a 
little loam, but wherever such patching occurs, the uniformity of 
the chill on the casting will be destroyed.. 

For fine work, or for castings where dimensions must he 
strictly adhered to, a very slight damage to the mould is fatal 
to it. 

In many cases, however, when the mould is only slightly 
roughened in parts, it can be rehored, and made to do duty again. 
Of course, care must be talkon not to remove a thicker skin of the 
mould than is necessary to get a smooth, even surface. 

In the choice of the metal used for the chill-moulds, the founder 
has to consider whether he will be guided in his selection by eco¬ 
nomy or durability. 

If the monld is likely to be one in great request, he shonll 
choose a hard, dense, d^^'e-grained pig iron from which to cast it; 
in- fact, as We have before said, a metal very similar to that de¬ 
scribed as most suitable for the chill-castings themselves. 

In other cases, however, not mnch care need he exercised in the 
selection of the metal for the chills, except that very dark Scotch 
iron, which is not at all suitable for the chilled castings, is also not 
well adapted for the chill-moulds. 

It is impossible to lay down rules as to the exact dimensions of 
a cliill-mould which is required to produce a certain-sized casting. 
In addition to allowance for the shrinkage of the casting on cooling, 
the sudden expansion of the mould itself, when the hot metal enters 
it, must he taken into account. 

That part of the mould which first receives the flow of the 
hottest metal, not only expands most from having to hear the lirst 
sulden increment of heat, but has also to bear the weight due to 
the head of metal afterwards pouted in until the casting has cooled 
sdidified suniciently to relieve the mould of this pressure. 
Consequently, it may he inferred that the actual dimensions of a 
casting will be that of the interior of the chill-mould when it lias 
been expftQd^to tlie extent due to the temperature of molten cast 
iron when on the point ctf solidification, minus the amount of 
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subsequent contraction of the casting during tho process of cooling 
down to the temperature of the atmosphere. 

The metal being poured into the chilK two actions immediately 
set in; the skin of the casting solidiJSes, and the metal in the in¬ 
terior commences to part with its heat, -contracting away from tlie 
inlerior of the mould as it does so. The mould, at the same time 
ahsoibing heat, expands away from the exterim: of the casting. 
The moment when the distance between the chill and the casting 
]i<)s reached its maximum is, theoretically, the time whei^the east¬ 
ing sliould be removed from the mould. Experience, and the 
iiutnre of the work in hand, niust,,guide the moulder as to the 
safest limo to withdraw his casting; if he attempts to do it too 
quiclily, he may distort its shape from its being as yet too hot and 
soft to bear the strain ; if ho leaves it too long, the chill-mould may 
have commenced to contract round the casting, and thus hind it hard 
and fast, besides, having spoilt the chill surface as before described. 
Tbe higher thV'temperaturo of the cast iron when poured, tlic 
greater is the strain upon tho chill. 

Tiic contraction of tbe casting during cooling depends less, 
])erbiip3, upon its absolute bulk than upon its form ; and, as might 
lie expected, a cliilled casting contracts somewhat more in the cooling 
Uiau nn ordinary casting (see Fig. 3, pages 27 and 28). 

'.riie principal elements which govern the amount of expansion 
in chill-moulds may be briefly stated as follows:— 

I ts internal capacity: the larger the quantity of molten metal 
il will h|||^ to contain, the greater the strains it will have to bear, 
from the longer sustained lieat, and the greater pressure of tho 
liciul of metal, before it has superficially solidified. 

Its thickness: for large ('astings it is imperative tliat the cliilla 
should ho thick in the walls, but with every increase of thickness 
the risk of cracking the chill is increased, owing to the tendency 
of tlie heiited inner portion to expand, being opposed by i4e rigidity 
ol‘ ilu' outer and cooler portion. 

Having \vithdrawn tho casting from the mould, it should lie 
allowed to get quite cold as soon as it possibly can by radiation. 
No artificial cooling, by cold water, &c., should be resorted to, as 
likely to distort or fracture the casting; and nO'Jpther iiicroaso 
of liarduess can he obtained in this Humher. * 
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Chilled cast iron and cast steel, similar as they are in many 
respects, have Ihis important diHerence, that the one, cast iron, 
cAnnot be hardened by plunging hot into cold water, whilst the 
othmr, steel, can be hardened in that manner. 

Avoid placing the casting in such an attitude, or in such 
a locality, as to expose it to undue strains, or to currents of air, 
or other circumstances likely to produce distortion or unequal 
cooling. 

It h(^ been mentioned that a chill-casting which has been 
allowed to cool down in the mould too sloivhj, owing to the chill 
not being suflSciently massive for its duty, or for f)ther reasons, loses 
!nuch of its cbiUed character, allowing a considerable portion of its 
contained carbon to pass into its former uncombined state, and the 
Iron, instead of being bard and white, more nearly resembles the 
character of the pig from which it was originally cast. 

Occasionally this quality is made serviceable, j^ere it is con¬ 
venient to use iron moulds, but where it is not aesired that the 
resulting casting shall be hard or chilled. In such cases a pig iron 
may be selected which is of a bad chilling nature; or after the 
casting has been made in the chilled mould, it may be rendered 
soft and tough by being kept for several days at a low red heat. 

Chills, when out of use, should he protected from rust by being 
greased and stacked under cover. Jlefore being again used, the 
grease must be thoroughly removed, as it has a tendency to (;au.^e 
the casting to solder to the chill. 

We conclude this chapter with a descrijdion of themmerican 
plan of making railway wheels, in which chilling in casting is 
employed to an extent unknown in any other industiy. 

The manufacture of chilled cast-iron railway wheels has now 
become a very important industry in the United States, upon whose 
railway system of 75,000 miles no other class of wheel is employed 
to any great extent, at least for passenger and freight rolling sloch. 
There are a large number of cast-iron wheel works in the country, 
varying in capacity of production from 450 down to 40 or 5U 
wheels per day, and such improvements have been introduced inio 
the manufacture that, whereas some time since railway accidents 
arising from^||||ken wheels were common, of late years such a 
mischance is Wiost unknown. One of the most important iui- 
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provements in the process of manufacture, consists in mixing with 
the pig iron a certain proportion of Bessemer steel, crop ends o£ 
rni!s l)eii)g most conveniently used for this purpose. This mixture; 
besides improving the chilling,qualities of the wheel, adds greatly 
to its strength, and even allows of the use of anthracite in the place 
of cliareoal pig iron. 

At the worts of Messrs.'A. Whitney and Sons, of Philadelphia, 
Olio of the largest establishments for the mann^l^re of chilled 
wheels in the United States, the different proraQ^ have been 
brought to a high degree ot perfection. The following is a brief 
description of the factory, and the manner in which the worE 
is advanced from stage to stage. Of course the foundry is the 
most important portion of the whole works. It is a fine building, 
doO I'eet long and 50 feet wide, with two lines of rails running 
down its whole length, except opposite the furuaces. The rails are 
laid to a gaugo of about 10 feet, and upon them are placed twelve 
liglit travelling cranes, with a platform attached to the centre post 
and upon which the man working the crane stands, and controls its 
moveiiKuits, both in hauling the moulds and ladles,#nd in moving 
the crane from place to place upon the line, the crane being geared 
for ti-avelliiig. The floor of the foundry is so laid out that there is 
room on either side of both pairs of rails for a row of moulds, and 
ill tho centre of the building is a path about 4 feet wide. Against 
one .'ide of the building, and in the centre of its length, are five 
cupolas, three of 4 feet (3 inches internal diameter, and two smaller 
Olios of 18 inches in diameter. The former are employed in melt¬ 
ing the iron for the wheels, the latter cliietly for ex^imental 
jmi poses. The three cupolas are tapped into converging channels, 
all running into one large tipping reseiToir, from which the small 
la.ill's arc supplied. The blast to the cupolas*' is furnished by 
a vertical- blowing engine, with two blowing cylinders, on at the 
top of the machine and one at the bottom, with the steam cylinder 
between the two. 

The mixing of the irons for the cupolas, is the most imp(H|pt 
and difiicult operation in the whole course of the maiiufamire. 
I’csides the steel scrap, nothing but charcoal pig iron is employed, 
and of this from twelve to twenty difibreujt kinds, all of the highest 
class, are used in varying proporjbio^. Bot these mixtures have to 
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be alter^ owing to irregularities in the nature ot the 

metal, and. 4^ tests are mode with a Tiew of ascertaining wljat 
-eliangeteb'/i^iiiA]^/ have to be introduced into the next day’s work. 
The pib^iiions of the mixture bdng decided upon, the cii])olas 
arei^^gi^^.a-tbn of coal being first put in the bed of each farnuee. 
'The charge is then carefuUylcwded upon trucks, upon a weighing 
>'jdatform. Piles of the various pigs are placed in their proper 
order iffOundj||9,C^ ahd there is a drum upon the weighing 
machine, on ^HQlch a slu^t of pa^^ is placed, and the weights 
of each different pig, in proper order, are written upon it. l-’oi' 
instance, the workm^ commences with 250 Ihs. of coal in his 
truck ; he th«i places 125 lbs. of old steel rails, 125 lbs. of chuler 
pig, 350 lbs. of old wheels, and so on through the long list of charcoal 
pig irons employed, the old material being placed at the bottom of 
the furnace. The weighing platform is so arrang.ed as to record the 
accumulating weights as the drum revolves, bringing before the 
workman the name and quantity of each successive ingredient 
which he tak^ from its respective heap before him. As soon 
as it is lqade|^,the truck is raised to the top of the cupola by an 
hydraulic, lift,' The moulds, when ready, are placed down the 
building in font rows, one on each side of the two lines of rail 
upon which the cranes run. The patterns used are almost all in 
iron, and the chills in the moulds are of cast iron. One worlv- 
man can^ on an average, mould ten wheels a day, but all failures 
in the casting, arising from any carelessness in moulding, arc 
charged to hiih on a tapidly increasing scale. 

Thi^ystein has beeh^found necessary, as the men are paid by 
the piece, and if only the price paid per wheel were deducted ior 
the spoilt castings, a jGar higher average of failures would result, 
because tbc men^^ould earn higher wages by working faster and 
more carelessly. 

Before the metal in the cupola is ready to run, a charcoal 
. Visf %hted in the receiver before spoke of, in order to warm it, and 
. v^d||i||hat when filled, the metal may be covered with charcoal, and 
: ox^lbn checked. In a similar manner the ladles, of which tijero 
are a Vhry.large numbe: employed, have burning charcoal placed in 
them, andK coated internally in the usual way. Ihcse 

ladles are’ made of sheet irpn, and mount^ each on 
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a ])air of wheels fcir facility of transport On the sides of each 
are two sockets, into one of which the end of a long iron 
liiimllo is inserted for hauling it along the floor. Also at each end 
of the axle is a square hole, into which is plac^ the end of a handle 
with forked enda The ladle being run'up hr receiver, the 
litter is tipped over by the gearing attached to it^ had the ladle is 
cliarged ; it is then brought along tUo floor to jthe crane, which 
taki s hold of it, the two square-ended handled bef^ anentioned are 
iusoj'ted in the holes in the axles, the ladle is raised, and the iron 
IK pc>nred into the mould. The chilled portion of the wheel sets 
iihuost as soon as it comes into contact with the chills, and in 
a very short time after the casting has been made the flasks are 
ri'iiioved, the sand knocked away, and the red-hot wheel is placed 
on a trolly to be taken to the annealing pits, Thio process is one 
ol’ the most important of the series. If the wheel be allowed to 
cool in the open air, severe internal strains are created, which will 
sometimes be sufficient to destroy the casting, and open-air cooling 
was the active cause of failure in the early periods of this class 
of wliecl making. _ 

The amiealiug ovens are placed at one end of tlie fonimry, and 
below the floor, the top of the ovens being at that level. Besides 
th('se ovens of very large diametesrs for extm-sized wheels chilled 
lyres, &c., there are forty-eight pits ranged in six rows of eight 
caoli. These rows are divided into pairs, each pair of sixteen pits 
b('iiig devoted to the reception of one day’s production, the period 
ivijuireil for annealing Ixiing three days. By this arrangement, 
when the lust two rows of ovens are charged, the first two rows 
can be emjitiod and refilled, so that the work proceeds without 
iiilerniption, and in regular rotation. Two hydraulic cranes, with 
the booms revolving upon a fixed post, are placed upon the floor, 
and command the whole area occupied by the ovens. The l>oom 
of < iicli crane is made double, and upon it runs to and Iro a small 
curiiago, from which hangs the chain, carrying at the lower end 
the hooks by which the wheels are handled. Thfe attachment 
consists of three arms, with flattened end* turned over so as to 
grip the wheel. The upper ends of these ftrins Ure hinged togotber, 
and as they tend always to falli;mward, they hold the wheel 
lightly, but by moving a single atiachttient the anus aro thrown 
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outward when it is desired to release the wheel. The motion of 
the cranes ^ csqnlrdled by one man, fixed stops being provided on 
the guiding,, apparatus, so that when the crane is adjusted for 
filling one oven, it remains in that position till it is thrown over 
tb the next. ^ 

The ovens or annealing pits are cylinders of sheet iron inch 
thich, about 66 inches in diameter, and of sufficient depth to con¬ 
tain easily eighteen wheels with cast-iron distance pieces between 
them. They are lined with brickwork, and being of considerable 
depth, they descend into a lower floor. The lower parts are inclosed 
in a large rectangular chamber, one for each set of ovens. Witliiu 
this chamber, and for a short distance above it, firebrick is usi'd 
instead of ordinary brickwork as in the upper portions, and within 
the cylinder a circular foundation of brickwork is set, upon which 
are placed the wheels on being lowered by the crane. The whole 
of this weight then is transferred direct to the foundation of the 
building. At the end of each of the three roctangalar chambt']>i 
already mentioned is a furnace, and each chamber is divided down 
tlie wh^ of its length by a perforated Hue ; through these per- 
foratiomPthe heat from the furnace passes and enters the lower 
epds of the ovens. These furnaces are required to prevent the loo 
sudden cooling of the castings, hut only } ton of coal is burned for 
each fail ^ay*s production. Flues leading to the chimney cany 
olf the heated gases from the upper part of the ovens, and so the 
process of cooling is thus very gradually carried on, until at the 
end of three days the wheels are ready for removal. The three 
large annealing pits mentioned above are somewhat difl’ereutly 
arranged. To save room, they are not carried down so low as tho 
other ovens, but terminate at a height of about 7 feet above the 
floor, each being supported upon a central column. M'lien they 
are used, a fire is lighted in the bottom of each pit, tho wheels 
are placed in and covered ovot, and the oven is allowed to cool 
gradually. 

f'^n^heing removed from the pit the wheels are taken into tlio 
cleaning and testing room. Here the sand is removed, and the 
wheels tested by hammering under a sledge, as well as by a small 
hammeff'While, the tread is cut at intervals by a chisel. I’lio 
heavy blows’to which tho wheel is subjected never fail in detocting 
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faults when such, exist, and when they are discovered the wheel 
is removed to be broken np. About 10 per cent, of tlm whole 
proiluction is rejected, but occasionally this proportion is very 
much higher. 

In order to keep the quality of tlje, wheels to the desired 
standard, a large number of test piecses are cast every day and 
submitted to examination. By this means an. accurate knowledge 
t>f the nature of the wheels, the character of the chill, and other 
I)oiuts are obtained; the data are carefully recorded, and if the 
tests are satisfactory the wheels corresponding to the test piece are 
delivered into stock. If not, they ate returned to he broken up, 
d’hc sound wheels finally are taken to the machine shop, where 
they are bored, and if desired fitted with their axles. The tools, 
then lore, in this shop are few in number, consisting of three 
boring machines, a press for forcing the wheels on or for drawing 
tluMii oif the axles, and a number of lathes. 

'fhe capacity of Whitney ami Co.’s foundry is 250 wheels 
per day. 

The average life of a chilled cast-iron wheel of first-class 
quality is asserted to be 50,000 miles for passenger, and lOOjOOO 
mdos for goods traffic. This is a high average, and probably many 
wheels fail before they attain this mileage. The common mode 
of failure is a breaking away of the surface of the tr€a|i in spots, 
until large portions of the chill become pitted in sb^bw boles, 
'riie exact cause of this failure has not yet been ascertained. In 
some cases such wheels are turned down to a smooth surface^ and 
again placed in service. 
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it^iFTER XVn, 

VALLEABDE OAST IlU)lf; OASE^HABDENINa. 

The manufactnre of what axe known as " malleable castings ” 
consists in obtaining a tough, soft, flexible material, resembling 
wrought iron, from whitfe brittle castings, by what is known as 
the cementation process. Some means of arriving at the shtik* 
result appear to have been known to iron workers in the IMiddlo 
Ages, as there arO numerous examples of malleable castings to b(^ 
found in old buildings, but Samuel Lucas, of Shellield appears fo 
have been the pioneer in modern times of this important brancli 
of the iron trade. He obtained a patent in 1804 For a method 
of separating the impurities from crude or cast iron without fusing 
or melting it, and of rendering the same malleable and propei- i'or 
several purposes for which forged or rolled iron is now used ; and 
also by the same method of improving articles mannfacture(l of 
cast iroi^iil i^hereby rendering cast or crude iron applicable to a 
variety t^^w and useful purposes.” 

A short description of the process is thus given in ‘ The llepei- 
tory of Arts’:—“ The pig or cast iron being first made or cast into 
the form most convenietit for the purpose for which it is inten(]('d, 
is to be put into a steel-converting or other proper furnace, togetbci- 
with a suitable quanfaty>of ironstone, iron ore, some of the inetallii; 
oxides, lime, or any combinalaon of these, previously reduced to 
powder, or with any dither substohi^ capable of combining with or 
absorbing the carbon of thS^Urude iron, A degree of heat is to l)c 
then applied, so intense, as to fl^- a W of the carbon of the 
c«^,,ir6n with the substance ;u^ of, and continued so long 
.a itame^^k^all be found necessary to make the cast iron either 
paj^Ry or pertectly malleable,^ acte^ihg to tbe purpose for which 
it is minded.;: If the casting is requh^;;!^ .be perfectly mallefihle, 
from oae^^fotb^wo'thirds of its-'”>f4iPlt oi„the other subslances 
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will bo found necessary, but dC much less quantity will suffice if 
partial malleability only is desired/* ‘ ,> 

Towards the clo-^e of the process the b^^^^st be very great, 
duration of the heat, its degree^* ^d .the proportion of the 
substances to be employed, depend uppn'ai.yi^ety of circumstances, 
“a knowledge of which/’ the patehlJReinarks, “can only be 
obtained by experience.” For small^l^psh^ the intensity and 
duration of the heat required to produce the ^hci^eability are leas 
lhan lor large castings. Such articles may be arranged in alternate 
layera with the other substances, separated, however, from actual 
contact W an intervening thin layer of sand. 

jMalll&ble cast iron will take a certain amount of polish under 
11 ic action of emery and rouge, but not so good a polish as cast 
steel. In the lathe it works about a.s easily as wrought iron, but 
tlie tool blunts rather more rapidly. I’hin pieces may bo bent 
tbuible when cold, but seldom can be bent back again without 
bi-eakii'g. It can he forged to a eortain extent when at a moderate 
red heat, but it heated much beyond that, it breaks in pieces under ‘ 
the liaiimier. 


Two pieces of malleable cast iron may be burnt together at 
a iemperdture approaching fusion; or can be brased to either 
wrought iron or steel with hard solder. If plunged red hot into 
Milter it is hardened, hut to an uncertain and variable extent. 
.Malleable cast iron is very soft, flexible, and far from brittle ; it 
will onl}" weld with difficulty, if at all; its fracture is dull, grey, 
and unirorm. Specific gravity about equal to cast iron, if anything 
a trifle less. 

Most authors say it is decarburisation by which casti^^ is 
malleableised in this process, but Mallet doubts this, and remarks 
lhat by annealing white brittle cast iron either in hssmatijte, chalk, 
or sand, we obtain not so much a chemical change as a molecular 
change in its constituent partides. 

The uses for malleable castings are daily extending, and there 
18 scarcely a trade connected with domestic (Hr manufacturing ap¬ 
pliances which does not largely employ this valuable material, so 
superior to ordinary cast iroiji for nKiisi.i^urpoee?, 0ne of the most 
important applications of mallea1[^’'^^ii Is ter the manufacture of 
Vothed wheels for machijaery, M ms process cannot be relied on 
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to produce a really tough metal when the castings are very large, 
or have any cons^||^hle portions exceeding 2 inches in thickness. 
Certain qualities^ cast iron may be rendered stronger aiid 
tougher by the addition, in the cupola, of a proportion of wrong* 
iron, steel, or manganese ^ this metal is said to be better adapted 
for spur-wheels, than cow^ cast iron. 

Tlie general routineill the process of making malleable cast¬ 
ings is as follows :~The pig iron is melted in, and run from, clay 
crucibles into green or dry sand moulds, and where the articles are 
small, snap flasks are much used. The castings are removed from 
the moulds, and cleared from sand by brushing, by shaking in a 
rattle-barrel, or by similar means, and are then placed iiUjast-iroii 
" saggers,” with alternate layers of powdered red bfematite ore, or 
with fine iron scales from the rolling mills. The saggers are theji 
placed in the annealing furnace, where they are exposed to a gra¬ 
dually increasing degree of heat until a full red-heat is attained, 
after which they are allowed to cool down. The articles are then 
removed I'rom the saggers, cleaned from the haematite powder, and 
so far as rendering them “ malleable ” is concerned, the jirocess is 
completed. 

The pig iron employed is almost invariably haematite; for large 
castings white haematite pig is selected ; lor small articles mottled 
pig. In England, Cumberland iron, and irons from the U.-irrow 
Steel and Iron Company’s Works, are largely employed; while in 
America they prefer the best brands of cold-blast charcoal mottled 
irons, Nos. 4 and 5 Baltimore, or 5 and 6 Chicago, having an ex- 
cellei^repntation. 

essential tihat the pig shall be white or mottled, not grey, 
and it is not uncommon to melt up a quantity of scrap, such as 
wasters, gates, and fins of white iron. 

Tlie clay crucibles in which the iron is melted are frequently 
made in the foundry; they are heated in several ways. In the case 
of larg^e works, the Siemens gas-regenerative furnace, Fig. 247, is 
by far the best and most economical apparatus for molting in the 
crucibles, with which any desirable temperature can be obtained 
and re^aled- 

In this, arrangement the crucibles are placed in a chamber, 
through Whiidi tibe ignited flame of gas ^ air passes over from 
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llio regenerator on one side of the furnace towards the other, 
wliere the remaining heat is taken up by tlfe mass of firebrick 
in the regenerator on that side. When the bncks in the first side 
of the regenerator have so far cooled down that the gases do not 
fully inflame, the currents are rev^^rsed, and the air and gas are 
scut through the second, and now‘ hott^, part of the furnace, the 
llame passing amongst the crudbl^, ;^d tihen reheating the 
lirst part of the ^generator, before passing a^y to the chimney 
fine. 

When the articles to be cast are of a greater weight than, say, 
liiilf a linndrcdweight, the pig is opcasionally melted by coke in a 
small cuj)ola with fan-blast. 

Jhit tlio most usual form of furnace for ordinary work is the 
common air-furnace, with the grate and ash-pit below the crncible. 

Tlie l>oxes for the moulds are generally of cast-iron ; the 
moulds an? formed of green or dry sand ; that oblained from the 
new red sandstone is much used in England. This is a fine sand, 
of iiiiiforin grain, containing sufficient clay to cause it to work 
stlflly without any further admixture of clay. For very small 
work an excellent sand is obtained from Moxeley, near Birming¬ 
ham, which is used without any charcoal; for larger work it is 
mixed with a projiortion of powdered charcoal. There is also a 
jjood sand to be obtained from Kowsloy, which, however, requires 
1 o he ground and screened before use. 

In making the moulds for small articles in malleaij|^' iron, the 
riiimors are nearly always formed in the parting of tlie box, and 
both gates and ruimers are made as small as possible; llakwide, 
and thin in cross-section. This is rendered necessary 
rapidity with which the metal cools, causing it to cbntii^^iand 
fr('qnently to break off from the gates very quickly after the metal 
is ]Kiiiivc!. 

h’or- small articles it is not usual to face Jihd moidds, as the 
metal must lie poured at such a high temperature that facing 
would be useless; the small stream of metal, however, is so rapidly 
cooled in its passage, through the mould that it is not indisj)Cii- 
snhle for the sand to be as infusible as it would be rec^uired with 
larger work. , r 

The amount of contraction aj^ears. to l»e greater with these 
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costings tbfoi cast iron; they are ?ery brittle, and sliould 

hate a wliite_erylt|^ba ^^ture. 

For sand is not tised for the boxes, bnt iiun 

dry pow^^ed flaythe mohlds «a:e generally dried in small stoves, 
heated % cohe, or the w^te heat from a crucible furnace. This 
operation Ukef but a s^pi^ time. The castings must be raked, or 
if tery sqg^U, sift^,,bay^ ,the j^nd when cool, and must then he 
deianed from handj ithvh e*^ly efiTeeted^ the articles are 

of a convenient j^rape, by rolling them over eacWother in a barrel 
called a tumbler o^ rattle-ibarrel; or they can be cleaned by hand, 
or immersed, in a bayi of dili^te Bulphnrio acid, after which tliey 
must be washed and dried. BWders or fins on the castings have 
to be chi 2 iped off with the edge of a steel chisel, as they cannot 
be filed away. 

The annealing pots are cylinders, preferably of cast inui, 
about 12 inches diameter, by Ifi inches high, with loose covers 
dropping in. This size is well adapted for small articles, hut for 
special purposes the pots are frequently made of wrought, -iron 
plates, which, however, \Yill not stand the action of tlie annealing 
furnace more than three or four times, whilst the cast-iron ]tots 
wDl frequently serve for twenty annealings. 

The material most frequently used for filling in the pots 
between the tiers of articles to he annealed, is red hsematite ore. 


which i^ cu^d sifted through a mesh of about an eiglith 

of an lOTpibe powder not being used, or if iron scales arc. 
emplqyedj^ie must be exercised to keep them free from dirt. 

i^^rtaiu quantity of fresh hajmatite, or iron scale, should 
ali«i|pB added, to any that has before been used, without t)io 
laterals been newly ground up. 

A layer of bsematite, or iron scale, is spread over the bottom 
of the pot; on tbisj the fost row of castings are placed, each article 
perfectly isolated and imbedded in the bcematiie, then another 
layer of about half an inch of the haematite, then another row of 


castings* Itod so on until the |»t is nearly fuH, when it is covered 
up with haematite, upon which ,the cover is placed, 

for the furnace, , . 

In in the fdtha^,. thcle ytrhich contain the 


hirgi«t..wqi?fc?l^^d be placed-in, fije .hptte^'l^ 
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sliould be marked or nambereijlj as E ^ide to tbGifkrnace maot as 
to tlie amouat and duration of l^eat to wbipb they should be 
subjected. ^ 

As before mentioned, tbie th^ operation depends 

ui)ou the size of the artiole8,,bu4iiiJ ;a»uat;p heat the 

])ots <»radually to a bright red, at 

be licj)t as uniformly as ^ssible or even 

ninety hours, after which tliey are allowed, to^d^lruo^^gradually 
in the furnace for about thirty hours ; iliiey are;||k^)reMored, and 
allowed to get quite cold before being,emptied.' , ' 

If the castings are removed from the pots before they are cool, 
llicy will not have such a good 8'ppuaaauce as if allowed to cool in 
tliL* ])ols. Jt is advisable to avoid placing large and small articles 
ill the same pot, as they require to be in the furnace difl'erent 
])(uiods, and the large article may require to be annealed a second 
time if this is done. 

After the castings have been properly annealed, they are 
covered with a film of oxide of different colours. These various 
eolours of the oxide are a sign of good malleableS. This adherent 
oxide is removed from the casting by another passage through the 
liiHie-barrel, and the process of mailable iron making is finished. 

Ill every heat or auuealiug operation, the scales part with some 
of tiieir oxidising qualities, and before they are again used they 
must iie jiickled and reoxidised. Thi^done by wetting them 
a solution of sal-ammoniac and wa!lteiK and mixing and drying 
them until they are thoroughly rustei, 'when they are againlD^dj 
for use. 

CIIbE-H ABPENING. 


Case-hardening is a means of superficially hardening castings 
and is effected by placing the articles that arO to be hardened, 
after being finished, but not polished, into' an iron box, between 
luyi^rs of animal cbarjcoal, such as hoots;, horns, leather, br skins, 
burned and pulverised, taking care that ea<di article is completely 
enveloped in the eh^dhl*, Wh^ the, is conducted on a 

large scale a ^proper furnace is materials consist of 

DO per cent, of (diarecwlj'ihe t ^ • •m-. 


^r carbonate of 

potash or of lime. Tl^ caiStii:^ in the 

' . •.1L-a'- ' . 2 M 
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TiBnal DsiDneFilafl^rparts wLicli H is desireil to.prevent; becoming 
^86“liar&eiiia!3>1®ig previously coated with clay. The box is 
ipade ft iu^'of equal parts of clay and sand, placed in 

theidre, ahd kept at a light'i?^ h^t for such a time as will give 
ihe. requiretlvd^pth of case-fhardening, which inay vary from hall 
an hour to I|r0'fe)t>uia or longer,' The articles are then plunged 
into af* 'they aire liable to buckle out of shape, they 


should be 


into the water, end first. 

To caS 0 -harto>cast ii^n quicMy, bring to a red heat, then roll 
it in a mi^ure of bqual parts of powdered saltpetre, sal-ammoniac, 
and prussiate of potash. Then plungo it into a bath containing 
4 ounces sal-ammoniac and 2 ounces prussiate of j)otash per gallon 
of water,. 

A j 

Another plan is to heat the articles, after pclisbing, to a briglit 
red, rub the surface over with prussiate of potash, allow them to 
cool to dull red, and immerse them in water. 

The following mixtares are also employed in some shops: — 
(a) 3 prussiate of potash to 1 sal-ammoniac ; or (6) 2 sal-ammoniac', 
2 bone-dust, ond 1 of prussiate of potash. 

Wliere a proper furnace is employed, some such form as that 
shown in, Jig. llh), which shows Dodd’s casr-bardening furiiac(', 
will be IHM of service- The advantages claimed ft>r this con- 
struciibp'of fcniace are that it maintains a uniform beat in all 
parts of tbie retorts, audyj^oids any injurious efl’ects from sudden 
cooling when the latter ^ Withdrawn. 

IJhe fijame from the ^fireplace passes under and all round tlu^ 
si ,te^ the retorts, th*n into and along the arched chambc'r ovi'r 
t^HpOrts,. from which, openbgs lead ^to the side fines which 
: cbinniunicate with the cliimney. 

The pincipal dimensions for such a furnace as that here shown 
would be for the flues between retorts inches by G indies, for 
fluctf bn, outer sides of retorts 6 inches by C inches, fluo.'^ undrr 
'’reKirtB 7 inches by 6 inches. ’ The span of^the arched chamber 
feet 4 , inches, with a rise of 18 inches. It is placed in com- 
muhic^oh with tho two side flues'by four ojnenings, each 6 inches 
squaie. "/The retorts are each 9 feet long, by i- feot 4 inches wdde, 
' by 1 feot 'S A'liigb. ;■ ^- 

The fire-g^^^ feet l<mg'|iy.l2 ineh^ vndi^ is placed about a 




A e 

Ho«izontal Section at 


Fra 1 %, 


fnrnaco varies acocirilmg ,to- their ^ptVlfe whieh the 

steeling is desired to penetrate. r^orfe, they can ' 

be charged and drawn alternately#; " 
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so oVhbb uetals. 

A 

It is Q<ica8i<ms% 4sslreatx> unite other metals % means of cast 
iron, or to oiHAitiental castings on to light work, m<idu of 
wtonght iron or steel 

Such a |>rocess cannot be practised with cast iron upon any of 
the other useful tiietals than cast iron, wrought iron, or stoil, a'^ 
all the other metals, at all commonly used, have melting points so 
much below that of cast iron, that they would not hear coming m 
contact with liquid cast iron, 

^BemotimeS non^metallic suhstanccs, such as grindstunos, 
afe held in shape hy rings or bands of iron cast round them. 

TJhen iraH'is cast upon or around solid wiought iron or stt( 1, 
certain changes axe brought about upon tlicse metals. Tlie (asf 
iron, when thus brought into contact with the comparatively cool 
surface of the solid wrought iron or steel, will of couise bo “ chilled ’’ 
at and;iiround all points of contact. It will therefore bo haidei 
mme brittle, and much less tough in those paits; and this u^ult 
will occur whererer liquid cast non comes in concact with fitlu t 
solid cast iron, or wrought iron, or sUel. 

,WJbi^^wrough^ iron is employed it is found to undergo a cer¬ 
tain amtnuiilr ^atcrioration, Wth in toughness and cohesion, bi - 
tains for structure purposes where those qn.ilitas 
are fhiBis in the same )n||per. but to a mm h lo s 

lixtent. A bar cf iHu^i iron cast round a core^ of wrought iron w 11 
littie, if anything, stronger* than a simple bar of cast 
^Ton of size. Consequently, where the full stienglh and 

toug^dW^of these metals are required, **casting-on” should ho 

in any work which will he exposed to sudden 
bhocH 03F Wtyh^ ajlrains, ^ ^ ^ 

Blit 0* focy Mtge nuappie^ Of useful imd ornamental articles 
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requiring little absolute strength, can ^ most leadily produced by 
tlic process of casting on, atich as hand-railings, ^window-frames, 
p iugIh, hat and umbrella stands, bedsteads, or ornamental gates. 

One well-known application of this process is Molme's invention 
foi the combination of wrongbt anf cast iron in the manufacture of 
^vmdow frames. The sash-bars Ibmod of wroQ£^t uron, rolled 
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the^ tl^ mpifld^tbelxyss is placed, whicli must be sufficiently 
large to jtbeip, so that when cast on, the bosses shall firmly 
tinite ^ought-iron bars. These windows can be readily madi? 
pf ahy iiBiai^ or shape, and are easily filed. They are light 

in appWoih^ei and combine the strength of wrought iron with the 
' ornan^t^ charPeter, which ^be easily obtained by the addition 
pipafit^^<m^:%wejr^ .^^ bearings, or other ornaments. 

y of applying 

castway,be’' .Either the wroug htoo n bars may 

he placed:m am the ornaments cast ^jjpd their ends, 

Li. moulds, cored out to 

are afterwards fixed hy 



Ijead alone is to be avoided, as it sets up 
a galYanic assists the formation of rust. 

y Ip. dj@«i||l|4g^e|^tfi^^ railings it will be well to adopt outlines 
in I^ot be unfairly strained, hy the union of 

very.l^^t irajh^’^l^pieces in the same casting. Discard all very 
finOf^ipp^eptal work for streets where there is much traffic, as 
*hccidPnt or rnischi^f trill very shortly spoil the beauty of the work, 
wlfi^ oazmot be repawpd. Ornamental cast-iron work of a fii.u) 
intricate'character w place where it can bo seen to advan¬ 
tage end Is not exposed lo violence. 

The hat and umbrella stands cast by the Carron Iron Foundry, 
and thp'iwcHi^tural appliahcea cast by Walter Macfarlane and Co., 
of Olas^ow, are good examples of ornament in the right place. 

Expp^ to the air in ,^go cities, cast-iron railings are much 
more durable wrought iron. 

If are used\for the ornamental castings, 

the rath^ brittle J in most cases this 

^ he'^hiol it is desired to avoid 

brittlen^Cl-be :wQrk'‘^n .|^^^^ in ah annealing oven, when tlm 
iti§pL ir^ witliOut prejndicifdj 


in conjunction with t]j(^ 


afiei^ihg. i^-jyprbnght iron,' is''.Uis 

■ca|6i''&^'l&'ds'iTeqn9ntly thee ’'r/'';-’-' ' ' 

■ ’’ is also occasionally practised, for the purpose of 

iron .w^ ’ ^rol|s, yolu^s, or twisted forms. 
an^jg^y^hOrougbly: dried, are applied to 
that nortioh lOif tbi!i%rongh^ jPp ^ i| is yyish^ to burn on to ; 
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cast, iron is then poured tlirough the moq|d8 until the wrought iron 
is hi onglit to a welding heat; pouring is then cea.seh and the cast 
in > 11 , when cooled dovvn, is Jound firmly afiixed to the wrought 

iron. 

For ornamental cast-iron railings^ wBieh are designed with com- 
^j.arativcly heavy pilasters and. bars/having the interval between 
them tilled in with light ornamental work/the twb j^ould not be 
cast, at one and the same time, otherwise the light wetrk will be 
almost certain to break away from the heavy, owing to |he unequal 
contraction in coblmg. The ornamental Work should be cast first, 
of fine, soft, fluid iron, and be provided with small fitting pieties 
or lugs, at convenient points for fixing to the heavy bars or 
iija-i gilts. 

(’oat these lugs on the fine work with clay and blackwash, 
]»lfic.o it in a sand mould, and cast the heavy work round it. By so 
doing, the iron will not be liable to fracture frommequal contraction 
and expau.sioii; but there is another danger to apprehend, which 
sliow.s that very ornamental fine work, whi(;h is usually costly, 
si ion Id be avoided in all public thoronghfares. 

An example of handsome cast-iron work may be seen in London 
on tho I’hames Embankment, but the ornamentation is so small, 
that its details can only be seen on a clc^ inspection; the cast 
iron is chilled, and very brittle, and mischievous boys, as they pass 
along, knock off large pieces, so that from Waterloo Bridge to 
('haring Cross Bridge there aro few bays which are not seriously 
damaged. 

j\liiny anvils, vices, and other articles are made of cast iron, 
inountcd with steel; the welding together of steel and cast iron 
is not difficult, if the steel is not too refractory. This process will 
not. succeed well with shear steel, and hardly with blistered steel j 


but it is easily performed with cast steel, by solderi^ it to cast 
iron by moans of cast-iron filings and borax. The cast-j4f6l 1 ‘kites 
to bo welded to the faces of anvils, are generally frouJ^ Jbalf to 
five-eighths of an inch thick, aind as wide as the face itself. These 
aro ground or filed white on one sideL and then'Covered on that side 
with a cx):iting of calcined borax. ' Th%|rlftte, with the borax on it, 
is liciitcd gently until the which covers it with a 

fiisihlo transparent glaze. is kid quite 
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hot th the )iao^d,,tw^h is made of diy and strong sand. 
The tises^ton below; the steel plate being 

, the the mqttld;i It; wi|l have the hottest iron. Tlie^ 

.^heat ,io m some measure on tbe 

ohaKty ,of sh^ hotter iron than ca.sl, 


steer, Tiie.oast iron^, 


should be strong and 


: ^oy/b^t hot bq'gVey,^^^ of the iron and steel is not 

stTimg^ UV'hlte casttioh will Dot , answer ih this ease, partly because 
the caslihg. WquM; W but diiefly because the cast iron 

would fly or, crai^. ih^lraitdefiin^^ steel. The Hardening is done 
under a cousidj(''rsihlh hea^^^ access of water falling from uii 

devation of 10 ^et Or more. 

. Another Inter^tmg example of casting on to other metals is 
the copperreoated antif^rrosive propeller blade,' illustrated in 
Pig. 198, rind patented lately by Johp Willis of SheflSeld. The 
object being to obtain a permanent coating of anti-corrosjiye metal 
on the back of cast iron and steel propeller blades, to the extent 
and in the position shown, in order to prevent the excessive 
corro^g and pitting at tliese parts—to which cast steel and cast- 
iron blades are so liable—although to a greater extent in cast steel. 
Ihe defects just refer^ to have led to the adoption in many cases 
of mangonel bronze,^ gun-metal blades, the cost of which must 
be a ssriou^ consideration to shipowners who are naturally interested 
in any such method as that illustrated. The important feature in 
which IS :lhe • comparatiYely low cost, whUe at the same time 
maintaimng j^o high eflddeney of blades oast hn>m copper compo- 
sitioDS, such as those r^eixed to; . 

In Willis’s profjess the eqpper phite forming the coating is 
flrst bent to the.propet shape,, and placed in the sand so as tu 
’ form port of the motdd j|1^ |which the irem or steel is poured. 
During the lattmr fa?oq^^jfe heOomes firmly united by 

foston %the iron #0 form a perfect joint. 

.Sev^iid,^P^jeae blades am1'|^W‘'bife-iidj^;_but hot > long enough, 
, pOThapsf^ permit of a final-t^ict,'^='j''1 

. Ms^tear examples in qfi^^y prahtlce^^ mentioned 

which-their object ^<^^ he^rity bx strength, such as 
that siib^ ih Pig., 199, l 4jyM eh'iihtbye-bolt is of malleable iroii, 
, -.insure tipropcr 


and 



CABXntG ON TO OTHER METARS, 


fixinpf, the malleable iron, it will hO observed, is made to have a 
pointed or ronghened surface, and at the same time is so formed 
that it will be dovetailed into tbe tjasting. . 


muw^i 




Sectioh Imro^jS^ 


Fid. 


1 


#- 

m 


Iron and gun-metal ibe ^ 
iron is sometimes cast into br^ i 






jmgetlmT. Malleable 
as to obtain increased 
bl^in p^, such as, for 
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instance, the top ends of brass valve spindles, which require to l)c 
opened and ,^but frequently. Brass and gun-metal spindles are 
Bometimes ca^:|fhih a malleable iron core, as shown in Fig. 200, 
in ordef to the cost qf .inaterial^ even when the spindle is 

suf^K^ ■at^’^':6^p(Scified <t^isS||;; solid gun-metal throughout. The 
is, is hbwevhl^ found out unljsss by breaking acei- 
deUifcai^j iaS^mchbEmes^^ bar wiU be found to he 

I^S^ly i^t^^ldodji and/n^'^hered in sny way to the gun-meial, 



Fig, 200. 


•unless by ^n slight, ^ip -due to "the increased contraction of the 
latt©r^j?^liliyeabie iron IS, however,-used in combination with gan- 
in "the mapntr described for pump plungers, 
in whi^He Working or e^j^sed'surfaces require to be free from 
corrosistisaebbtt, just as in the example of propeller blade, Fig. ] OS, 
referred ta' ''‘'Xo assist the^&>idihj|^,fegethe'r of these two diflercnt 
metals forming a ;^indle^ the mtjeim, .hjalleahle iron core should 
be countersink uU over itg 'jpurface 1as judujated, instead olhY llu* 
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ron"liening process shown in Fig. 194, ^J)y the latter method the 
tliickncss of the gun-metal would be anything but uniform as de- 


e^ircil in such examples where the metal is 



Burntng-on for Kepairing BatffltEir'CASTiNnB. 

Ihirning-OTi is sorQHtimes of service in r6]^ip^. a broken or 
iliimaged casting, but the process is neither ap^Heable to Jfine,, 
delicate work, nor to cases where the size and shape of the original 
casting must be strictly preserved, as in a cast-iron wheel, which 
would probably be twisted out of shape, by the expansion and 
subsequent contraction of the metal, during the operation of 
buruiiig-on. 

But a piece of machine framing, the necks of rolls, or a standard 
^\llich has been broken or found defective, may be repaired as 
1‘. )1 iows; first cut away the defective parts down to the sound metal, 
build a coke fire round the part of the casting which is to be 
r( paired, until it is brought to a bright red heat, then dust over the 
smface of the cut metal with powdered glass or borax. Then 
ajqily a hollow loam mould of the desired part to the casting, 
]u u]»erly securedlih position, and provided with a hole .for the exit 
of tljo metal. Pour very hot liquid cast iron into the mould, and 
allow it to flow away until the cut surface of the original ‘ inetal 
of the casting can be felt with an iron bar to have become soft 
and pasty by contact with the hot liquid iron. Then stop the exit 
hole, luid allow the metal in the mould to set. If the operation 
has been properly performed, the casting should ring, when struck, 
with tlio same sound as a single good casting, thus shovring tiiat 
thi‘ old and uew^ metal are perfectly united. 

Whore portions of large castings require to be removed fop.tjiis 
burniiig-on process, the easiest mode of doing it is, to cuit^(li^;^ting 
wliiM at a cherry-red heat, with a ntpidly reifolyiug.t^S||p'saw, 
such as is used for cutting off the “ crc)|)s-ei^ 

( asi iron may al^ he bent to a c6nri5b;^ji?lU'extent vriS' safety 
at a cherry-red heat, which quality j[|^^qed^onally of service, in 
remedying variations from the derired;i|iiJip^ arising from cou- 
tracl ion in cooling. The heneh or 8utfi&which such bending 
is to be performed must'b6,"ConstrUi^fo|^'np&-oonducting material, 

* ■ ' ,'i"'. < ;'v. • 
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flnch as {)^ed fiw-clay;' w|»wi8e the i^on -mil part with its heat 
too asd hieal[ mther tiian bead. 

' pccw on the surfeoe of a casting, which, 

to make it advisable to reject 
casting, aie tmidghtly. liquid cast iron may be 
i;BSch auperdnons metal being removed by an 

It; is' usually preferred, however, to fill np 
4 the^ 'cavities with m alloy having a similar appearance to the 
'^MSt iron, but being much htibre fusible. One such alloy consists 
of antimony 6^, copper 16, tui 2, melted together, to which add 
afterwards, lead 13 parts, by weight ; another is, antimony G5, 
copper 16, lead 13 parts, by weight, prepared in the same way. 
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CHAPTElt XIX. 

DBJlKa STOVES. 


In order to dry any material in a confined space, it is necessary 
not only to heat the air in that space, hnt to change it before 
it becomes saturated with moisture, otherwise the material is 


simply stei^ed, not dried. 

^riiis faCT is shown by Dalton’s experiments, which proved that 
by having a brisk cuiTeftt of air 36 grains of water per minute 
(•mild be carried off, fjom the same surface that only gave off 
al>ont 22 grains of water in a still atmosphere. 

It would appear, therefore, that a high temperature with a 
bi i>k current are the most favourable conditions for drying, hut 
vv:tij regard to cores and moulds, the limit of both these powers is 
s(j()u reached. Supposing a low temperature is adopted with a very 
rapid current of air, the surfaces of the loam are very liable to 
crack; whilst if the low temperature is used with a slowaitiurrent, 
ilic loam in drying gradually gets so dense and oonsolidat® as to 
lead to a probable failure in the casting from “ blowing.” 

If, on the other hand, the temperature is forced beyond 500'* 
Falir. with a slow current, the moulds and cores dry unequally, 
Sind ilie steam which is generated splits off pieces, and thu^ spoils 
tb(‘ cores and moulds,.besides destroying the fibrous qualities of the 
hiiy-baiids, tow, or horse-dung used for binding the loam, And other 
jusitcrmls used in their construction. • • > 


it will be reen therefore, that it is. lihli Oii^y 
blit the current of heated ait also, wldcli‘ reMjfnb^ lO v^ppefiilly 
regulated to suit tlie work being dried, in order fo j^codn^ 'the best 
results, i.e. by regulating th« flow to niainiaSii Ihe atmosphere in 


the interior of drying stove 


the point of satura- 


iioii with water vapour, avoidiiSg time an excessive 

draught, or tearing cur|s||t of ' 



FOPNMNG akd casting. 


Tte'wejiglit of wate^|pivin snapeusiioii by g(j|411 air incrotisps 
rapidly tbe increase of temperature; thus with the ba^•olu^^t.(‘r 
at 30 iocbefi^'aittd the temperature 32* Fahr.. 1 cubic foot of air 
' is saturated with 2’3 grains of water; at iOO* Fahr. it is saturate 1 
with 19 ^ina; at 150“* Fahr. it is saturated with 70*5 grains; 

200° Fahr. it will hold in suspension as much as 2()1 
l^ains of water; but in order to remove this vapour from t]u> 
;^OTe^ a current of dry air must be kept constantly passing 
liirough it. 

In order that the foreman may ascertain for himself what arci 
the best conditions of temperature and current for diHercnt kinds 
of moulds, the following observations should be made frequently, 
and carefully noted. ^ 

By means of a self-registering thermometer, the maximinu and 
minimum temperatures during the day can be ascertained ; tbe 
actual rate of evaporation can be arrived at by a very aim})le cem- 
trivance of a porous earthen jar, provided with a glass tube, 
closely fitted into the top, and tightly closed with a cork. Having 
filled the jar and tube with water, at the temperature of th(! stove, 
and corked it up, the loss of water from evaporation through the 
porous jar will be readily ascertained. 

When the stove has been at work a few days, and the drying 
bas Ifc regulated by the foreman, he will have nokid tlie 
tempWmures employed, and by taking the number of inches 
of water that have been evaporated in the time from the porous 
jar, he will know what has been its loss of water per hour. 

If the result of the drying has been satisfactory, he will be able 
to give instructions to the workmen to maintain the temperature at 
a certain degree, and the current of air at a certain velocity, as 


indicated by the thermometer and the evaporating jar. 

The jar must be refilled with water at certain times, and should 
be prot^ed by a screen from 4psk and draughts of air. 

Tl^:^tove or chamber required for drying the sand, or lomu, 
inoQld8j|,«^ cores, should, if possible, be built contiguous to the 
moul^i^^&op, with linos of railway running into it through open¬ 
ings in tlie partition wall. 

The cores and moulds to be dried, b^bg placed upon iron 
trucks, can be run mto the Steve, f)|p .tariou^ parts of the 



Fi/UNPny DBYING STOVES. 


543 


iiiouliling shop, and when dry, shoT^BB»ithdrawn from the other 
side roiidy to be placed in the pitr^^pbaring. In this way the 
continual flow of work is kept in one direction, progressing 
towards completion, and time and labour are much economised, 
es})eci!illy where large heavy work is in, hand. 

The stoves aro generally built in i^und brickwork, and of such 
sliajio and dimensions as are reejuired for the kind of work to 
be executed, and are proinded with appliances for entering and 
Avitlulrawing, or shifting the position of the article to be dri^. 
'Idle walls, especially if exposed to outside air, should be built 
double, with an air-space between them, as shown in Fig. 203. 

In soma cases it is possible so to arrange the stoves that their 
lie.jt shall be greater towards that end where the cores aro with¬ 
drawn, as in the case of a pii)e foundry, where the cores are 
tolerably uniform in bulk, and will therefore dry in regular 
rotation, so that the wet cores on entering can be placed in 
tlie coolest part, and be gradually advanced as they dry, to the 
liottf.st part, prtjvious to being withdrawn. In the majority of 
thuiuliies, liowevcr, such a systematic course cannot be adopted, 
owing to the varying hulk of the cores and moulds to he dried, ami 
the necessity that exists for the men to be able to get at them to 
api'ly the blackwashf which is generally done by men within the 
slovo. 

The stoves are sometimes built with cast-iron floors, without 
any rails, tiie trucks are then wheeled along the rails to the 
i‘ntianee of the stove, but when in the stove they run upon 
tlu' flanges of the wheels, which are made rather broader than 
usual to give them a good bearing surface. This plan considerably 
lighioiis the labour oi the men. as the loaded trucks can thus 
h(‘ more easily moved from one part of the stove to another, than 
wlieii ol)]ig(‘d to follow the line of rails. 

if the stove is required to be of any considerable length, it is 
desirable to provide it with sliding iron imrtitions, by which it can, 
when nec(!ssary, be divided into compartments, with doo^to each, 
so that the articles in any one part of the stove ca|Be made 
accessible, without delaying, the drying of the others. During tlie 
time that any one compartment, is thus separated from the 
remainder, the current^^f heated itiif mn^ he diverted past it 
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by mewjig of a flue jsroid) .TalVos for regolaiing the flow of 
the air. ' ' 

; illtistrates m drying stoVe, which consists of 

thn^/Vj^esrhuilt of 9-moh cidinaijr brick, sometimes lined as 
-ipbwh;iP^’44 inches of firebrick, sufficiently tied to main wall by 
means of leaders.' The roof ^ sdiown, consists of inverted T-s(‘e- 
tioned cast-iron beams,,about 3.%ft 6 inches apart, the spaces bis 
tween each being filled tip with arch^ brickwork. The door at 
i§nt is usually made np of one largo angle-iron framing, covered 


CJ* 




Fia. 201. 


with sheet iron, havmg the necessary stiffeners. The door as shown 
is made to open inwards,, to facilitate which it is balanced by iiK'ans 
of a weight W, suspend;^ jtu the,necessary connecting-chain, passing 
oyer the guide pulley felP in the manner shown. The fire -(daco 
PP-ip pk example is forini^.in and provided with 

a clo^l^ting cast-iron and'fwime 1>, through which fho 

charged fitoto onteKde, and when slmt it 
prevent® free passage of afld^iy'k'^ls,direction. The products 
of cpTnbuaticm and air after th^ b^tne i^affidently saturated with 
moisture, we, allowed to esca^ opening 0, which is 








FOUNDRY STOVE CABRIAOE. 


« > ^ 

iisiifilly placed low down, as in this SYftmple, in order to insure 
lhat the heated air does not pass oflhwithont doing duty, and thus 
t t luce the efficiency. The interior of stoves are sometimes fitte*! 
w iili iron shelving, or racks, according to the class of work for 
wlilch it is required. If the cores and moulds to l>e dried are heavy 
and <lifficidt to handle, an iron carriage I ,C, with shelf framing F, 

I'ig. 202, all mounted on four flanged Wheels W running on rails R, 
nr other permanent way, laid the whole length of the stove, and, 
evleu'ling outward along the foundry floor far enough to bring 
i1h.‘ work within the radius of the foundry crane, l>y this means 
Iho loading and unloading of the stove carriage is made easy. 
\\ lieu loaded sufficiently with wet moulds hotli carriage and 
moulds arc run into the stove; the short iron door S D, ie then 


P . F 



Fig, 202. 


I •roiight doum, the stove closed, ami the fire lit up properly. The 
drying jirocess being now set agoing, it is allowed to proceed 
quietly until the drying is complefted. The time required will of 
course vary according to the size and extent of the bod}'- of sand 
(u- loam treated. A very common practice however is to have the 
carriage built up with moulds, ready to enter the stove late in the 
alli'iiioon : in this way the all-night period for drying in many 
instances is sufficient to permit of casting the following day. 
When llio larger sized moulds have not been sufficiently dried, as 
indicatt'd liy steam passing off even to a alight, extent,, ihoy are 
n turned to the stove in order that the . dicing process may l o 
iliorougldyllarried out. . , ! ' 

In Fig 203 wo have three separate sections of an improved 
type of stove, illustrated in^a ,,pap0r Hi Thomas. Hy pieans 
























POUNDING AND CASTING. 


M6 

of the special arrangements of fines shown, the currents of heatc'd 
air are so distributed as to produce a much more uniform temj)erH- 
ture throughout the stove, and capable of better regulation, with 


! 



Di 


Fra. 203. 

' ■ JV* 

ther^Bidt that the moulds throughout the stove areSried more 
imiformly and at the same time more quickly, when compared with 
the pnjgress of drying in the common form of stove in which there 
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iw often only one-lialf of the work dried, while other parts of the 
nionlds nearest to the fire are badly burned. 

The arrangement illustrated here consists of one pair of stoves, 
riM-li having the necessary carriage rails RR, ali’eady referred to. 
r.<)tli stoves, however, are .heated by the Same furnace A, shown, 
liaving a grate area 4 feot 6 inches by 5 feet 7 inches, capable with 
a light coke fire of maintaining a uniform temperature of 475® Fahr. 
"I'ln- hot gases after leaving the grate pass over the fire-brick arch B, 
s])f)wii in tlie transverse section, where they meet with the necessary 
cold air (drawn in throngh the passages C formed in the bridge) 
wliich heconle.^ lu'ated, f'oth air and gas are conducted along the 
flue 1) to box E, built in the partition wall at the centre of its 
1. tigtli, Iho outlet in which is at some 3 feet from the roof. Thus 
i!'o ga.se8 in the first ^ace are made to spread along the roof of 
( ither stove, H or (‘-J, according to the position of the door or 
(liimjer which, as shown, will conduct the heated air currents 
foward.s the stove H. When the door E is perpendicular, both 
stoves receive an equal circulation. A unifonn downward draught 
or ciicnlatiou, and suitable temperature is obtained by means of 
twelve distinct outlets, fitted with east-iron gratings ]M, arranged, 
!is shown on plan, all communicating with each other by means of 
cliaiiiK Is J J, formed in tho floor, and converging towards the main 
outlet or central pit K, from which the charged or saturated air 
conducted hy way of tlie flue L to the foot of stack. The flues 
.1 alt aroun 1 and across the stone floor arc covered with cast- 
ir.'ii plaU's of the same size as those in which the gratings are 
formed, .so that they are interchangeable; this enables a re- 
ai ruiigenient of the position of ouj||fc gratings w'hen it is defiired 
to increase the drought and tam^iature at any particular part 
of flic stove if considered necessary. 

To prevent loss of heat the external waU^, ^re made double 9- 
inch brickwork, with an air space of 4 inch^ jp^n; both walls 
ore tied together at intervals by fiieans of hea^ra ' The doois are 
hinged and made of ^ inch thick sheet iron, stiffemed with 2 inch 
by ^ inch flat iron framings, and three 3 by inch cross hori- 
zoiitul strips. The entire inner surface of door is covered with 
she(;t asbestos ^ inch thick, the latter bj^mg held in position and 
jiiolectcd by two sheets of No. 16 iroii , 
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Tb© 1^26 of a drying stoFe is of course varied according to ilio 
sine of pasting usually ma4e in the foundry. Each of the two sl()V(\s 
Ulusi^Ms^ in ,Eig. 203, nieasuro' 32 feet long by 10 feet wiJo by 
in height, and with,, the special arrangement of flues 
- referred to the wet moulds could be built to within a few inclujs of 
the Ceiling, without either burning the top or failing to dry the 
i/d^wer parts erf the moulds. 

,'f When there is no occasion for employing a large stove, a siniill 
.Stove, such as illustrated in Fig. 204, introduced by the Whiting 
Foundry Equipment Company, Chicago, should be selectt'd by pre*- 
ference for drying small cores, because the drying process is 
qt^er, and that with less fuel. The shelving may be^ stationary 



Fza. 204. 


and supported along the side walls, instead of being mounted on a 
vertical spindle as shown, by means of the latter, the shelving can 
be made to^vqlve, so thatJ;^|i>,;.varionB small cores are brouglit 
within easy reach without ifi^iring to enter the hot chauiher 
Therefore no passa^'^ requi^ ..inside, and the size of drying 


chamber may be C(|^^^ndingl^ smaller, or in other words, cvej y 


portion of the gMIpm'ay bq.Ut|pW as shown. 


Chie plan of drying matjdsjwhich is in use in the Norlli, 
consists in forcing air through , juainS l^low the foundry flour, 
and haying openings iu the bbtibq^ of each pit, within which tint 
mo^ds are placed. Over the opening into each pit is placed an 
iron' basket fnil of burning coke, and over the top of the pit a cover 
of plat^ m;^/ls let down, haying a for the escape of 



PORTABLE AIB HEATIKa FIBE-BOE. 


549 


tlio licatcd air. Bj thus blowing heated air amongst the moulds 
Wkj are quickly dried. 

A similar process of air distribution to that just referred to* is 
Ihat introduced by Messrs. Herbert Morris and Bastert, London; 
Ijy this system the moulds in the fbun^y floor are dried by means 
ot a small portable heater, an appHcaldpn, ?^, whieh is illustrated 
ill Fig. 20r>. In this example Ibie stove meirani'ea 2 feet ^ch way, 
iind the cold air to be heated for the purpose of drying is dis- 
trihiiiid tl trough pipes, along the foundry walls, or underneath 
ilie foundry floor, with branches B at suitable intervals for readily 
cunucctiug up to the 4-iuch inlet of the portable heater hy means 



Fici. 205. 

of flexible pipes F P as shown. The workiig pressure of the 
air hliidt being only about half an ounce per square inch, it can 
therefore be produced efficiently By means of an ordinary fan 
blower. The beating capacity and efficiency of tliese small stoves 
working under the conditions of iemperature ef air required for 
drying, as in foundry practice, viz. from. 500° Fahr., is 

indicated by the fact that it is capable of ra^|||^0,000 cubic feet 
of cold air to the required temperature stated an expenditure of 
about 25 llis. of coke, that is, one charge of , 

By ^his system with succeesive Charges of fuel, it is clairaed 
that -10 lbs. of coke fuel is. capable oftd^^^^the work of about six 
jxntahle basket coko fires, or ;* devihi,f Si' the o^diMry way, with a 
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total consumption of 450 lbs. of cote, apart from the gjreat advan¬ 
tage and saving of time and labour as compared with the ordinary 
practice of removing the various box parts and otlier portion'^ of a 
mould to a permanently constructed drying stove, such as those 
already referred to. 

When the mould is partly formed in the foundry floor or })it 
Vfith only one top box-part, aS indicated in Fig. 205, or in a two 
part box (drag and top part), all that is required is to partly close 
the mould by replacing and supporting the top part mould in cadi 
case, so as to leave a clear space of about ^ ol an inch, or v.won li'ss 
at the joint or pai ting faces for the escape of the heated air, aficr 
it has become saturated with steam cwp water vapour extracted fiom 
the wet mould. During the first stage of this drying process the 
^nd all along the outlet openings referred to becomes percepiibly 
damp and wet. The process of drying however should he coutimn'd 
until this dampness disappears, showing thereby that the air and 
products of combustion are now quite dry even after having tra¬ 
versed the entire mould, which latter it will now be understood is 
sufficiently dry and ready for the final closing and casting proc(vs. 

Fig. 206 * shows a section, i.e. the interior of a similar port¬ 
able arrangement of enclosed fire-box, for heating cold air intended 
for drying moulds. The cold air enters by the main branch A 1, 
leading to the vertical passage VP, which communicates wdth the 
interior of the box proper at both top and bottom by moans of ports 
or passages T and B. In this way the coke fire when once lit up 
is readily maintain^ by letting in air below the fire-grate, d'he 
rate of comhustiohfta, also under control by means of the tlirottlo 
valve V', which also enables the air supply for combuRtion proj>er 
to be regulated. The excess of air for drying over that ro(iiiir( d 
for combustion is regulated by a separate throttle valve tliis air 
passes over the itw^descent aiid bn its way to the mould be¬ 
comes sufficicntlj^lllied in temperature. In this manner the total 
LSat of comhustiOT^ the coke in the interior, is taken up by the 
products of combustion carbonic acid COj (CO + 0), and also by 
the excess air referred to, both of which mix together, and pass 
over the brickwork partition or bridge BP shown on tbefr waj- to 
the mould through the outlet branch 0 fitted with a suitable con- 
, “ •‘MechimJcal World,* October 29,1897. 
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iB'cliii" pipe for that purpose. The ashes from the coke fire pass 
tlironiih tlio fire-grate, and are removed, as they gather from time 
lo limf, through the small haud-hole shown. The condition of the 
interior can also be inspected by means of a removable cover piece 
T C fixed on the top side. • To facilitate the handling, these boxes 
are fitted with suitable hangers for chain slings, & 0 ., as shown. 




'I'lie boxes arc formed ;; sheet iron with angle-iron stifiening 
llanges, and are lined wit! fire-brick, &c., a^mdicated. 

Tlie amount of fuel which is geneM|; consumed by the 
ordinary process of drying the cores and moulds, is far in excess 
of the theoretical requirements. This arises partly from defective 
construction of the stoves, and partly from inefficient firing, also 
want of control over the ingress ai^ egreto of air. 

The work lo be done is usuall;f very small in comparison with 
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the weight of coke or coal consumed; a slow current of warm air, 
not exceeding 450° or at most 600° h^ahr., has to be kept coustautly 
passing through the stoves, and carrying ofiF the vapour from ilio 
wet moulds. Assuming that 1 lb. of coal should evaporate 15 lbs. 
of water, at the pressure of the atmosphere, and that 1 cubic foot 
of wet loam contains about 30 lbs. of water, 2 lbs. of coal would bo 
sujG&cient to effect the drying of 1 cubic foot of wet loam. 

Such a result has-probably never been attained, certainly not. 
by the old-fashioned modes of firing, one of which consists in havin g 
a large open fire in the interior of the stove, the o^r in Laving an 
external tumace, the products of combustion from vRiich pass into 
and through the stove. 

For heating the stove, a regenerative fire-brick fiirnaco bus 
many advantages. It is easily regulated, can be heated with refuse 
coal, and the heated air is delivered into the stove much more 
free from dirt and soot, than when the stove is simply used as })ai:i 
of a flue for the products of combustion from the heating lire to 
pass through, on their way to the chimney. 

The regenerative furnace will consist of two chambers full of 
good refractory fire-brick; one of these chambers whiJiit being 
heated by the fire will be in communication with the chiuiiioy, and 
will be shut off from any communication with the drying stove; 
the other chamber, having its fire-brick contents thoroughly hot, 
will be giving off its heat, to the volume of air passing tiirough it 
on its way to the drying stove, and will be closed to the cbimiKy 
flue, which should be arranged to pass from tlieso iire-brick 
chambers under the- stove to the chimney. When tbo liisi. 
chamber is getting cool, the current of cold air will be iuriied off 
from it, the chimney flue opened, and fire or gas applied to reheat 
it; whilst the second ch^ber will take its place to heat tbo air 
for the stove. 

In addition to off the prodm^ of combustion from tla* 

regenerative fumace,?H 9 chimney must be made of sufliciont area 
to take off the damp air coming from thft;drying stove, and should 
have a small furnace at its base to aid in maintaining a projicr 
draught, espcially as it is not ^visable to huUd a very lofty 
chimney. 

In Lis ‘fitudes isur la VentSation,’ General Morin gives some 
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formulffi which will be of service to anyone having to design 
foundry stoves, and who may wish to calculate somewhat closely 
fho supply of heat, the volume of air, draught, height, and area 
of chimney required, and similar details. 

(las liriug in foundry practice isau many instances replacing 
t!’C older methods of direct combustion of the fuel, because with 
ilie former combustion is practically perfect and, therefore, tbo 
dried moulds, &c., are free from the usual smoke and dirt associahd 
with the direct combustion of coal burned on an open grate. The 
amount of air and gfis for combustion is entirely under contrtd, 
so that all together there is much less waste of heat, and the cores 
i»r moulds after drying are perfectly clean and free from the usual 
coating of soot. 

The quality of gas to be used will depend to some extent on 
circumstances, such as, for instance, when the amount of drying 
is small then town lighting gas may be used economically in a 
similar miiimor to that for gas cooking-stoves. Gas from the 
I)<)\vson gas producer may also he used, when it is already in use 
say, ior gas engine jxiwer at the works. Or again the gas escaping 
tVom the top of blast furnaces may be conveyed by means of iron 
})ij)ing to the various combustion chambora or drying stoves when 
the I'oundry is within a reasonable distance; but where there is no 
existing gas supply a separate producer may be adopted, such as that 
described and illustrated in Fig. 35, pages 95 to 98, in which small 
l oai is used, or some other form of producer suitabiP for burning 
gas-works’ char; with the latter form of fuel the air necessary for 
the production of gas is usually under u pressure of from 10 to 20 
im hes of water, according to the existing pressure of air blast for 
melting iron in the cupola. The pressure blower must therefare 
he cai)able of supplying air under the required pressure for both 
cuiiola and gas producer odmbined. By the combustion of producer 
g!is derived from gas coke atnd the passage o|^e products through 
the drying stove, the walls and moulding/fekes become coated 
throughout with a whitish substance, due* to a greater proportion 
ol‘ potash and sulphur; the presence of the latter is apparent by 
t he increased intensity of tlie smdl of sulphurous fumes, whicli 
])ecomo very disagreeable to the ‘yiforkerB, especially when the 
ventilation is in any way defective?] .|or th^e reasons coal is often 



554 


POUNDING AND CASTING. 


preferred for the production of gaseous fuel, although in other 
respects, bo far as the drying properties are concerned, there is 
practically no difference, as in each case the gas produced is 
essentially carbonic oxide (CO) varying slightly as regards the pro¬ 
portion of hydrocarbons present; this latter difference is of little 
or no account except when gas is required *for illuminating pur¬ 
poses, as for example, town illnminating gas distilled from the ctial 
in retorts from which the air is excluded, so that it contains tho 
maximum percentage of hydrocarbons. 

Various arrangements for the proper combustion of gaseous 
fuel have been adopted, each of which are more or lefjs ellicient 
according to the nature of the work to be done. The application 










EmD EuVATIOh. 


Loncituoinal Section. 


Fio, 207. 


with which we are at present especially interested is the heating 
of air, in order that it may absorb or hold in suspension a greater 
amount of vapour as already pointed out at the beginning of tliia 
subject. Tho water vapour referred tp is abstracted by the hot 
air from the various damp moulds and cores in its passage ihrougli 
till? so-called drying stove. In applying gaseous fuel to existiiig- 
drying stoves in which hitherto solid fuel (coal or coke) was 
burned, the gas may bo made to enter immediately above the 
jiresent ordinary fire-bars on which a small coal jire is maintaiuecl, 
in order to insure that the oonditions of temperature are such 
that the gas pflssing over it (witlj a sufiSciency of air present) will 
be ignited, and continue to bum,' thua> preventing the escape of 
unburuf gas (carbonic ;o;pdo ((X)} j hich latter if allowed to 
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exist even in very small proportions with the air we breathe becomes 
a df'adly poison, apart from the additional danger of explosion 
when it collects in suitable proportion with air should a light be 
applied to it. In order therefore to have sufficient control of pro¬ 
ducer gas, tho various branches off the pipe main conveying it 
sliould each be fitted with a valve V, Fig. 207, accessible from 



TBAW SVEWSR ^eCTtOW ATX. 

Fio. 208. 

the outside, and by which tho amount of gas may be varied in each 
stove separately, according to the requirements. The supjdy of 
air by this arrangement is partly by way of the ash-pit up through 
11 10 lire-bar, and also by ^y of the vertical oblong holes or slots 
shown in the furnace doors, and directed so as to meet the gas 
sTipply as it enters the fire-place. ‘ , 
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Fig. 208^ altliongh a much less expensive and elaborate 
arrangement, will be found quite 'efficient for foundry stove liriug. 
The gas main here is built of brick and passes along at tbe bark 
end of i^e stoves here arranged side by side, each of which law 


its supply of gas controlled separately by means of a valve V, 
l^perated conveniently from the outside above the ground by a 



Longitudinal Section. 



SacTtoNAL Plan. 
Fia. 209i 


hand-wheel W, shown at section through A B. The necessary air 
for combustion is here drawn in at each side of the gas inlet by 
natural induced draught through the door gratings over the passage 
openings, as shown in section at C B. 'J’h© gas and air in passing 
up through the red-hot chequered hi4i:work shown, hcconioa 
mixed and sufficiently raised in tem^ierali^i:©, to cause ignition and 
also maintain combustions tbe produc:fe;b£ yrhich, along with u 
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KTifTiclont additional supply of heated air, are directed throngli the 
drying chamber until they have become saturated with water 
vapour, and pass off into the main flue in the usual manner. 

l^’ig. 209 shows another arrangement in which there are two 
!»ir inlets, the lower one for a supply oi air to m^t.the gas su^ 
iicient for combustion, and the upper opening or door for wjt 
fulditioual air for drying, which latter becomes heated sufficient 
l»y mixing with the more highly heated products of combustion 
ndVrred to. The temperature of tbe products of combustion is, 
therdfore, reduced correspondingly, so that the moulds and cores 
arc not liable to the usual burning and scorching, while at; the 
same time the maximum drying effect is obtained when the flow 
of heated air and products is <Mi,refuIly adjusted, so that they have 
just sufficient time to become saturated before leaving the drying 



Pig. 210. 

chamber in its passage to the main flue. The heated air and pro¬ 
ducts of wmbustion in this example are directed in the first place 
along three separate channels, from which they escape upwards 
tiirouglx chequered brick arches forming the floor of drying 
eliaiiihcr. 

i'ig. 210 shows an arrangement for tbe distribution fimd com- 
biistim of gas which is successfully adopted in foundry stoves of 
considerable dimensions. In this the gas inlet main is a cost-iron 
j.ipe, with flanged branch pieea«!, aojording to the number of 8^o^■cs 
ill ojieratiou ; each branch is. fitted witih a suitable valve as shown, 
so that all or any one st^ve may be'entirely under control as regards 
llie amount of gas consumed. After passing the valve Y, the gas 
is conducted, by means of m off-set pipe O P, to the long cast-iron 
trough C T, made in length bolted together, so that it extends the 
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whole length of the stove. The gas, in its passage along the trough, 
escapes upvjr^urds through the perforated cover-plate, the holes in 
which ar^f-ihcih diameter, pitclied at 3 inches apart all over, so th.it 
when a few jets of gas are ignited at one end (hy means of a lighted 
of cottpn-wastc at the end of a rod, and saturated with naphtha) 
|Hte^malniag jets throughout the entire length and breadth of the 
floor are soon set ablaze. The length of these jets or flauuis, 
' of course, will depend on the pressure of gas as regulate 1 by tho 
valve V, and it may be varied from 12 inches long to a mere p{*.< p 
about \ inch long, as indicated at different points in this illustration. 
The air and products of combustion, as they become saturated, are 
conveyed to the main flue hy way of the passage P, the area of 
which should he carefully regulated hy means of an iron floor plate, 
because if the passage l>e too large, the drying ellic- cm-y is con¬ 
siderably reduced hy the free escape of heated air before it has 
reached anything like the poiflt of saturation. This outlet P is 
sometimes made in the side wall, at a little above the floor hnad, 
communicating with a suitable passage leading to the main flue. 
The quality of gas burned by the arraugiunoiit just referred to, is 
that produced from coal, and tho air supply to the producer is in¬ 
duced by means of a steam jet, as already described in pages b’8 to 
98. The temperature of this gas is, tlicrefore, comparatively low 
as it passes the valve V on its way to the stove, and is of a dense 
yellowish colour. 

The heating of,smaller stoves, siicli as for drying cores, is seim^- 
times carried out in a similar manner to that just described ; the 
cast-fron trough, in the latter is replaced by an ordinary gas pijie, 
say I inch in diameter, extending alq^ig the whole length of 11 us 
stove floor, this pipe having two or three rows of holes, J inch 
diameter, bored all along the uj)per exposed surface, at from J to 
2-inch pitch. The cores, placed on the shelving lowest down and 
* next to this pipe, are liable to be burned and scorched if not pro¬ 
tected from the direct action of the gas flame by means ot a number 
of fire-brick slabs, so placed that the flame impinges on the latter, 


and is spread or directed outwards; a*mor^uniform distribution of 
the heat prpduced is obtained in this manner. 

If, in the latter apjflication, the gas Is' rich, such, as for instanoo, 
when town lighting gas is used, the flame will be, much more lumi- 
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lions, and much more l^eely to produce sooty particles, owing to 
iiiconjplete combustion. This is easily remedied by adopting tlie 
])riuciplc of the Bunsen burner, and arranging (near the outlet of 
supply cock) an opening for the admisaon of air that will become 
mixed with the gas before it reaches the perforations inside the 
stove where ignition takes place. The flame, by this arrangement,?*, 
will be bluish, and more intensely hot, corresponding to that of the 
oi'dinary gas and air blow-pipe flame, by which complete coiulms- 
tioii is obtained, and therefore the exposed surfaces are entirely free 
tiom sooty particles and other dirt resulting from incomplete com¬ 
bustion. 



Fig. 211 illustrates another successful method for utilising gas 
under pressure' in largo sized drying stoves. In this, it will 1)0 
iliat the gas, as it escapes and meets the necessary supply of 
air at 0 V, is ignited, so tliat combustion proceeds as the flames 
roi erberate along and escape upwards through the arched chequered 
brickwork as indicated. The variations in the quantity of gas con¬ 
sumed is obtained by simply sliding the cast-iron nozzle 0 V along 
so as to more or less cover the gas orifice shown, the supply of giis 
being entirely shut off in^.this manner if required; any esca]>e of 
gas taking place may he^tirely prevented by stopping up the 
joint faces with soft , -The pressure of gas necessary 
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to carry the flame towards the back end i#f combustion chamber isi 
obtained by forcing the air into the gas prodacer as describe:! in 
page 55^ The amount of flame passing upwards into the drying 
chamber is regulated by varying the size and number of holes 
formed in the chequered brick arch. The air and products of coni- 
ibustion, as they become saturated, are conducted either by way of 
passage 0 to the main flue, or upwards through the chimney P, 
just as maybe found most elToctive in drying. As there is no steam 
injection to the producer, the gas in this example is much hoth'r, 
so that after two hours’ work the gas outlet Q 0 bc-comes red-hot 
and therefore mote readily ignited. 






* 




CHAPTER XX. 


FOtTND&r PIIS. 



The ]uta necessary for large and heavy eastings are either 
Sill id pits or open pits. The former is dpg to form a sufficient 
iMvity, not only to enable the loam ‘mouI,d^ to be lowered into it, - 
blit also to allow the labourers td fill and ram the sand in again, 
fin Illy Jill round the loam mould, as a sufficient support to enable 
It to resist the pressure of the fluid metal inside it, as shown in 
Fi- 151, paoe427. 

Siiiid'jiits are used where the loam mould is built up, both in 
roro and cope, upon a skeleton framework of common or loam 
} tricks, or in such other manner as not to have sufficient stilTness 
111 itself to resist the pressure of the liquid* metal. The necessary 
sujtporl. for tho cof>e, or external portion of tlie mould, is Here 
ol.liiini d by the filling in around it of the solidly rammed sand. 

As to tho cores, when these are circular in section, they are not 
fviind to require much support beyond the brick skeleton, but when 
ihcy are irn^gular in shape, they are strengthened by stiflening 
pi. cos, or struts of wrought iron, or rings, applied according to the 
t iv<*umstancos of the case. '' . • 

Sand-pits are almost invariably used for the larger description 
of casiings, and oven where small work is the rule, a sand»pit is 
occasionally reiiuired. It should be al,K>ut 4 feet larger in clear 
till round than the largest mould which it is expected to 
accoininod.ite. in order to allow ample room to ram np, and after¬ 
wards dig out, the sand from around the mouffi when the metal has 

if ' ‘ 

become set after casting. ' ♦ 

Tho cylindrical form for a sand'^pit is Hiat which is best ad¬ 
apted, both for economy ai^ 'i^nvehiBi^ * ;j^ should be surrounded 
with a brick wall, to “the, sides from falling in when 

tlic sand is removed,and diameter of the pit depend 
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upon doseription of work ii w3i be for, but ae a general 
role casting^ of large diameter are seldom Tery deep, and those 
wbic^^^' S great height are seldom of large diameter. 

. l^tbeptionsd droumstaziceB leqhite special appliances to moot 
theatt, and " it is scarcely worth while to constantly dig, wall, and 
:fill in with sand, a very wide and deep pit, whose utmost caprioity 
may^rhaps only ]be tested once in twenty years. To partially 
overcome this ^fficnity, it has been proposed to excavate a conti al 
pit of considerable depth, snrroiinded by one of much larger dia¬ 
meter but of less depth. 

Before filling in the pit, the sand should be screened, and wetted, 
^ should then he thiipyE in, in successive layers, being well and 
equally ramihed 4own all the time, by labourers in the pit. It 


this operation is cairefully performed, the sand will well bear dig¬ 
ging out from,around the mould, and will stand up firmly like a wall. 
If, on the central^; sufficient attention has not been devoted to 
this, the sand will come out unevenly, and will fall down in 
from the sid^. In the case of large pits, this is a source of con¬ 
siderable danger to the workmen, and of loss to the einployer. 

the mould and casting have not yet been removed, the fallen 
I'jmust be dug out; whilst should a fall occur just after tluj 
' com .of a large mould has been lowered into the pit, and before the 
cope has been properly adjusted in its place, it is most probable 
that the Gore will be damaged by the fallmg sand, or the least (wil 
will be, that it will absorb some moisture from the damp sand. 

In digging out or filling in deep pits, some precautions should 
always he taken to protect the men against the falling siind, by 
placing struts and poling boards against the sides, as is usual in all 
deep excayhtions, and is the more necessary with such ujaterial us 
sand. In digging out the sand from Iwge pits, it is necessary lo 
caution the men on the npper, hank not to walk too close lo tiio 
edge, so as to avoid bringing down? the sand upon the men htlow. 

When the pit exceeds 8 feel;, in depth, it is usual to excavalo 
the sand by the ordinary string jprocess, having labourers on eiulj 
stage, to tiirow the sand to the stage abore, until it roaches iJie 
bank, where more labourers muststationed to shovel it back 
from the edge of the pit, which niui^p^ cautiously done. 

(The sides must be supported' .and stout poling 
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l)oar(ls, and sometimes rings of angle iron, in three or four seg¬ 
ments, are lowered into the pit, and bolted together, tlius forming 
a very strong circular support for the edges of the hank. Into the 
interval between the ring and the poling boards hard, wood wedges 
are I irmly driven. One grpat advantage in liionse of angle-iron 
rings to support the poling boards, is that cro8S,stmts are thereby 
avoided, and the rings and poling hoards need not be , removed 
until alter the mould has been lowered into place, and it is neces- 
siuy to ram in the sand around it. 

One or two light ladders should be left in the pit, until it is so 
tar tilled in, that the men can leap out on to tlie bank in case of a 
sand fall. 

Tlie walls of dry pits are generally built of brick, sometimes 
of stone. I’lie circular form is the strongest, most ccononkical, and 
as a nile the most convenient, and the bottom shonld be laid with 
a sliuht tall towards the centre. ■ 


] f the soil around and beyieatli tlie pit i.s wet or shifting, a good 
( onerete foundation must be put in, and concrete must also be run 
ill around the walls, which must be built strong enough to resist 
external pressure. In a watery soil, the whole mass of the casing 
must ho of sufficient weight to couiiteri alauce its displacement, so 
as to ensure its not being lifted, or floated, bodily upwards out of 
its site hy water. 

Such an accident is most unlikely to occur, except where a pit 
niiglit be placod near a river, wboss rising water could permeate 
Uk' hoil around the p^ But as a rule a water-logged soil is, an^ 
should he, avoided for the site of a foundry. These pits are 
occasionally lined with thin wrought or east-iron plates: when 
(•a'^tiijg in such pitei, however, precautions must be taken that the 


inoltiai midal does not come in contact with iron casing, as it 
would ]>rohably crack or damage cast-iron plates, or stick in lumps 
oil tlie wrought iron. 

In arranging a site for a foundry it is not always possible to get 
auitahlc groimd entirely free from water, and it is common enough 
to find water 8 feet below the foundry-floor level. In such casf>^ 


wlioii it is required that the be' deep, it may bo 

Iri-o from water by means of well, formed at the bottom, 


so lliat the water may 



\^re and il^ pumped out at such a 
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rate tliftt tlie git is maintained dry below the natural water level 
as long asjpoay be desired. The extra depth to be gained in lliis 

depend on the rate at which the Wiit(‘r tiiuU 
it, and the capaaty of the pumps used to take 

In ordfer to avnia ,the iipo^bk expense of the-pumping pro¬ 
per referred to. yrhen thejnzffe of mould requires a deeper pit than 
the nature of the gron^ ^11.allow, the extra depth is often ob¬ 
tained by a system ofeSah* plates shown in Fig. l.'il, page 127. 

: These plates it will be seen are arranged to form an endless ehain of 
plates, around that poriaoh of the mould projecting above I hc tioor 
level on account of the unavoidable shallowness of the pit. '1 h(S(i 
plates are capable of resisting the outward or bursting pre-ssiircs duf! 
to the ramming of the sand between the upper portions of tlic 
mould and said plates, and thus serve the same purpose as tlie })it 
walls; if necessary, two or more tiers of these chain plates may la; 
used with success, each successive tier or ring being from fi inchos 
to 12 inches smaller in diameter and telescoping from 3 to (I inchos 
into each other. 


mannef of course 



Open pits are simply dry pits with flat bottoms, plaiicd below 
the sand fl^oor of the foundry, within the sweep of the cranes, ami 
of such a depth as will allow the moulds to be stood within tbem, 
without rising much above the top edge of the pit. 

O^n pits are eaaploycd where the loam or dry sand mould is 
built up within a of cast or wrought iron, which (‘,a>iiig i- 
STjfficientlj strong Only to support the p^ld, but also to iaio 

the thrust which comes upon,the mould, wttpr the metal is ponn'd 
into it. , The dimensions of'the open pits are regukt<'ti by Ibc si/.f' 
and form of the castings for which they are intended. 

In most cases wheiV large castings have to be made in nnmbt r,'! 


of a similar and slmpe, ^||eb,.as large pipes or colnmus, it is 
rjtiore economical to pro^ndefor the moulds, wbelhei- those 
are of dry sand or loam, aad^tSDS to bo'able to use the open ]ut 
when pouring. The mmllds iailpt be properly secured in ])osilion 
' in the pit by struts and stays^ knleiis, of such a form as not ea.-.dy 
to be-dkplaeed. __ 

Wh^ it is m}cessary to Voting from the pit, tlu! 

^^ottomof the mould, 


sand should jbei dug out^ aU. rtm^ ftf^l 






FOUNDRY PITS. 


565 


Ix'foD! attempting to lift th€> casting out by the cmne. This is a 
to which stffficient attention ie frequently not givon^ as the 
moulders, in their haste to extract the worh firointhe pit, sometimes 
leave ill the last 3 or 5 feet of sand, loo|^n it slightly round the 
(dges, affix the crane chain to the castlhgf and cry “ Haul away! ” 
I f tli(* sand has been well rammed in, it will oppo|e (K>nsider- 
abl(' resistance to tbe pull, and the casting or idle'crane chain will 
})rol)ii1>ly he strained, whilst in the end no time is actually saved, an 
th(.‘ siiiid in the pit must eventually be removed to be wetted and 
otherwise treated before being again ramirjed in. One great advan¬ 
tage of casting in deep sand-pits is the power it gives of casting 
bodi(;s, such as large pipes and cylinders, in a vertical instead of in 
ii horizontal position. .It is well known tliat easting in this manner 
tends to inipiove the metal in the body of.the work, and affords a 
nady means for extracting from the casting dross and air-bubbles, 
whi(b rise into tbe open part or rising bead of the mould. 

To reap the full advantage of this tendency, the metal should 
not. bo poured directly into the top of the mould itself, as it would 
]irohal)ly fall with too great a blow, and would in falling carry a 
large quantity of air with it. The plan which is Ibund most 
Huccessl'nl is to convey the metal by vertical gates to the lower part 
of the mould, to pour the metal into these, so that it flows upward 
in the mould, when the air-bubbles and dross will float to tho 
siiriUce, and bo then easily removed, whilst the body of the casting 
vill derive all the advantages which accrue from the pouring 
■w il.li a head of met^. , Fig. 194 is an example of this plan. 

'I'he fact that cmK under pressure consolidates and strengthens 
tbf iron is partly iwscounted for by its increased specific gravity, 
for taking two samples of the same make ’of pig iron, and cast¬ 
ing them under different conditions, that which has the higher 
Hf>ccili(5 gravity will he found almost invariably to be the stronger. 
Yrt, as there are so many other elements to he taken mt/jwm- 
.-.idcr.itiou, it by no means follows that the specific gravities of 
two sjjimplcs of a different maHt^ of iron ctm bo taken as indi¬ 
cative of their relative strengths (sp. gray* C. I, ranges between 
b'ij and 7-8). It is, however, iiidispu^btfe; that the more the 
spocitio gravity of cast iron is - inerei|^ during the projc^^s of 
casting, other things being equal, the stronger it will become. 
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The readiest way of attainmg this end is of casting iindr r 
a pressure, and various modes of doing thiAave been dovinnl 
Chilled castings have always an increased specific giavity, dne to 
alterations in the molecular and chemical constitution of the mend 

Bobert Mallet, made some most valuable experinionK, 

to determii^e the rate of increase of specific gravity, obtained in l.ho 
same irons by casting under vertical heads of liquid metal, gradually 
increasing from zero up to a l4-foot head. A very inh-restin;:; 
account embodying the results of these experiments was published 
in the Transactions of the British Association of 1840, from whicii 
it appears that the three samples selected for experiment were of 
the following makes; A^pedale, Derbyshire iron ; Colder, Scotch 
iron; and Blaenq>von^ South Wales. . 

The castings made were all .of the same size and sliape ; they 
were poured by gates in tbe bottom into dry-and moulds, and all 
the circumstances as to temperature, rate of cooling, and the like, 
were preserved as nearly similar as possible. The density of the 
metals and the total increments of specific gravity were found to 
hb as follows:— 



Spec. Graf. 
Ueail = 0. 

4'PcUule .. .. 

7*0328* 

Calder. 

6*9551 

Blaenavmi .. 

7*0479 



In the Apodale iron, the specific grayii Mp icreasod witli toler¬ 
able regularity at every 2 feet additional head; but witli (he 
Calder and Blaenavoh irons, the chief portion of the increase was 
obtained with the first 4 and 6 feet of head, after which, although 
the densities continued to increase, the rate of increment was a 


gradually decreasing one. 

Consequently it would appear, that with a still greater pres.^^ure 
than that due io 14 feet head of^etal, the density of the cast iron 
would he furtheir increased. Pressure has also been obtained ])y 
exhausting the air from the moulds at the time of pouring, thus 
obtaining a pressure of one atmosphere, which could also l«j 
increased, by admitting compressed air in upon the top of the 
mould, 80 as to press upon the , - ; 
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FOUNDRY LADLIS. 



A FOUNDRY must be provided with ladles, varying in size from 
tlic smallest, which one man can easily carry, up to thoso capable 
ol' holding two, three, five, to twelve tons of molten metal. Of 
the smaller sizes, these are generally made in one piece by a 



slaniping process, of the form shown in Fig. 212, and of the 
insilk dimensions stated in adjoining Table, for casing from 
2S lbs. np to that required to carry 2 cwt. of molten metal. 


I‘t tiK-ipal 1 ‘imeDsionB. 


Dinini'li-r A .. • • 

DifiDii’tor li .. 

1) .. 

Kiiiliiis II .. .. 
1 ,i 11 iiij? rook sand T 



2 ? 13 

0 10 
n 12 

n n 

i i 
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A ofsizes sboald be kept in stors. 

* ' iu \ f'*' ‘ * * 

vpBA^be size and c of work nsually made. Thu 
S!]Cia|M;-i^zi^V|7S i» inonnied as shown in Fig. 213, suititMct 
\ ^ ■for easy handling by one man, and 

knOwh as the hand ladle. Fig. 211 
shows the usual method of mounting 
the larger sizes np to 2-cwt. ladles, in 
which a double handle extends at 
the front end (one for each hand of 
the man carrying in front), the single 
or after end being supported by two 
men leaning towards each other, willi 
shoulder to shoulder. ' lu order that 
each of the three men referred to may 
bo 4?arrying about the same weight; the man in front takes In>11 
of the handles at a greater distance from the centre of the ladle, 
than that corresponding to the position of the two roar men. 

Fig. 215 is an elevation of a similar ladle suitable for castings 
from 5 to 20 cwt.» The body, it will he seen, is surrounded l»y a 
strong malleable iron ring Ii, from which two trunnions j)roje<*t 
into the eyes formed at each end of bent lifting frame, by means 
of which the ladle may bo raised free from the carriage. When tliis 
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is done by means’of,crane power the hook at the end of the 
lifting chain is placed at the bent portion near the centre, in 
order that it may not slip from the properly balanced position. 
When a ladle is mounted, as dhown in Fig. 215, the dangerous 
tendency for the ladle and metal j^ oveiturn and empty itself sud¬ 
denly oyer the foundry floor, is prevented by means of a loosn 
swin^ng.'lbrk F, fitted at one side to the upper edge of the Isulk* 
OB shown, end by. throwing this infr^'or out of gear with the sicl*; 
of lifting,to it the ladle is kept, in the proper vertioid 
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pitsilioii; wLca out of gear the ladle may be swung over to the 
or left by means of the handle H, shown in position for 
that I im pose. This, however, is but a rough and ready means of 
r.'j Ilia ting the quantity and rate at which the metal is poured|j||iid 
shonhl not Ie; used for liidles carrying miare than 10 cwt, of molten 
luftul; larger ladles up to ofie ton on this principle should have an 
oyc-liole O, in position shown, or a double handle as shown at one 
(tiid of Fig. 214, so that a long iron bar or lever n^y be applied 
to assist in holding the ladle in any position snitatde for pouring 
metal at the desired rate of flow. Hie handle here is made with a 


rr 
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soclvct at one end to fit the projecting end of trunnion, so that it may 
1)(‘ taken off and removed out of the way. When in use the .handle 
is ])rcvcnted from slipping off by dropping a cotter or pin through 
hotli socket and trunnion: by suspending the pin or cotter to a 
chain as shown, it is always there when reqniretl. This (Fig 21 r> ) 
also shows the ladle resting or suspended from its trunnions on an 
iron carriage with four wheels, by means of which the ladle may 
be readily transferred to any convenient part of the foundry floor 
without the use of a crane. The .wheels of these carriages may 
1-e flanged to run in suitably grooved rails, or they may be narrow 
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and without a flange, suitable for running on iron floor plates or 
btoad flat rails along the shop. The latter arrangement, especially 
when two-wheeled bogies are used, enables them to turn about 
frsjjil^ to suit a variety of circumstances instead of the otherwise re- 
str^ed line of traveh By mounting heavy ladles om bogies such 
as desmbed, considerable quantities of molten metal may be run 
along to those convenient poinis, from which a number of smaller 
quantities of metal may be drawn by hand ladles, such as for 
small duplicate castings. 

A more convenient, and at the same time, absolutely safe mode 
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of tipping foundry ladles is that shown in elevation, Figs. 216 and 
217, which consists of two extra short spindles (geared into each 
other by mitre wheels), one of which has a square end for stjcket 
of hand wheel, or crank handle, and the other carries a worm W 
which is geared iido worm wheel W W, the latter being keyed to 
extended trunnion T. By the arrangement of worm and worm- 
wheel shown, the ladle is held or locked, as it were, automatically 
in any position without tho aid of a hinged fork or any other ex¬ 
ternal means such as that previously described. It is also a form 
of gearing by which considerable purchase or power is obtained, 
and by means of which comparatively little effort at the wheel or 
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handle is required to tilt the ladle; the tilting can also be done at a 
suitably slow and regular rate, admitting of thd most accurahf ad¬ 
justment and regularity of pouring. This arrangement may be 
considerably simplified by cutting out the two mitre wheels M W, 
leaving the essential parts, viz, worm W and worm wheel W W ; 
with the latter the hand wheel or handle is fitted to the extended 



Fig. 217. 

s'# ■ 

end of worm spindle S ^ either end, as may l)e found most con¬ 
venient. No ladle intended to carry one ton and upwards can be 
considered safe without some form or application of the combined 
tilting and looting gear just described and illustrated. 

I"ig. 216, however, has been introduced here more esj>ecially to 
show a more recently improved type of foundry ladle extensively 
used. It is here shown in elevaiion and in section, in order that 
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the principle of aciaon may be thoroughly understood. By reference 
to ^e section, it be seen that the improvement consists csr(>ii- 
, tially in dividing the interior of the ladle into two distinct portions, 
A arid B, by means of a division plate, DP, so that they may 
communicate with each other at their lower ends; this partition is 
covered over with loam or other refractory material such as is used 
for lining the ladle. By this means it vrill be seen that, as the ladle is 
tilted, and the metal begins to run over at the spent S, as indicate* I, 
the supply can only be maintained by the metal in the ladle proper 
passing by way of the lower opening shown and as indicated by l,lie 
arrqw, with the result, it is claimed, that the metal run into the moulds 
is entirely free from.dirt, all of which is caught or retained at the 
surface behind the partitbn as shown, without the usual ined'ectivi^ 
method of hand^-skimming. The natural result of such a method is 
that waster ^castings, from dirt or scoria in the metal,, will be practi¬ 
cally unknown. In order to facilitate the lining of ladle, also tlie 
covering of pjirtition plate with refractory material, the latter is 
readily removed or replaced and fixed in position by means of p:]is 
and cotters C arranged at each side as shown. In other resjK'cds, 
the ladle is constructed and mounted in the usual manner. 

Fig. 217 illustrates another type of foundry ladle, made to liold 
from two to four tons; this.form is more generally adopted in 
steel foundries. The es^^ial point of difierence is that tlje mot.il, 
instead of being run or j^ured over the lip or top edge of the ladle 
as usual, is allowed to pass downward through a suitable holf*. IT 
formed in the Ibttom, as shown in the section, the b(||e being 
plugged up when desired by means of the combined plug and bout 
rod BR, shown in the section to be covereil with refractory ma- 
torial, the latter appliance being operated by means of lever haiidlo 
H and vertical sliding bar SB in the manner clearly showm in 
the ele'fP’bn. 

By the latter method of pouring, the metal must also he free 
from dirt or scoria, which latter always remains floating on the sur¬ 
face of the molten metal left in the ladle. Foundry ladles are gemo- 
inlly made of sheet iron or steel plate punched Out of one piece into 
the shape indicated in Fig. 212, and various smaller sizes 

and capacities given in the Table adjoining ; the larger sizes have 
their sides ib^de up of one plate bent round to the desired diameter, 
with only one’ vertical joint, which may he single or double- 
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riveted. The bottoms are made frpm a separate plate, dished out 
vufHciently and flanged so as to fit ’IjQside of shell, as shown in the 
Reaction of Figs. 216 and^ 217, and held in P^ ition by single or 
double riveting. The cross beam and flangefTmiist be fixed in 
a substantial manner. Two different methods are shown in 
Figs. 216 and 217, The correct position of the hangers H in 
(‘very case must be obtained by balancing the ladle after it is in 
every other respect complete, otherwise the ladleis likely to have a 
nasty tilt sideways, which would -cause it to run the^etal badly, 
iiiid give general dissatisfaction. The plates at the sides are fre- 
(piently bor(^d or perforated with a number of holes, J inch diameter, 
as a precaution (especially in large ladl^), for the escap^f gases or 
Rtcani generated in the lining when the molten metal is run into 
lliem Irom the cupola. The tendency of these gases, or pent up 
steam, due often to insufficient or careless drying, is to burst and 
R[*lifc off a portion of the lining from the ladle ; the liquid cc^tiron 
tluu! eoniing in contact with the plates, heats them to a dangerously 
liigh [(unprrature, when this happens the least evil to be antici- 
]>ated is the bulging of the sides from the correct form, thas inter- 
feiiiig with the free action of the gearing reejuired for tilting the 
liiiHo. The })re3ence of damp in the liniug.ofteu results in a sudden 
noise and vomiting of the molten metal, raising it in showei's to the 
roof. In such cases, the metal remaining should be got out of the 
ladle as soon as possible, either by casting or pouring it into gutters 
hurriedly formed in the floor of foundry, as if not removed from 
tlio ladle in time, it may hum its way through the shell, and dis- 
(difirge itself through the hole thus formed before there is time to 
make suitable pr^-paratioiis. 

Before commencing to line the ladle, it is advisable that it 
should be slightly heated; the furnace man then gets inside it, 
and having coated the interior with a wash of clay of about the 
consistence of cream, he proceeds to apply the loam to^the bottom 
of tlio ladle in a uniform coating from 1 inch to inch thiede, 
using the utmost, precaution to force it into close contact v’ith 
l.lie plates at all points. In working upwards the thickness of the 
lining is slightly reduced, and the covering of the lips must be 
neatly rounded off, so as not to expose an uneven surface to the 
flow of the metal, whilst, at the same time it must be prevented 
from coming in contact- with the. iron of the ladle. ' When the 
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lining is completed, the ladle is allowed to stand, until the loam has 
dried sufficiently to allow of the ladle being turned upside down, 
without diatnrbina ^ tiae lining. A fire is j;hen lit beneath the ladle', 
so as to completS^dry the lining. The ladle must be slightly 
tilted cm oiie side, to allow the damp air and smoke to escape. The 
nature of the fire thus applied somewhat depends upon the cou- 
yenienoe of the works^ but one of the simplest and readiest motlos 
is'to make a pile of ignited coke on a piece of old perforated sheet 
iron, and place it under the ladle. 

Ladles carrying iip to 4 tons of molten metal are often lined 
with strong rock sand, well rammed or beaten on to the sides, and 
dried in tb^ manner described, with good results. The drying pro¬ 
cess is often carried out successfully without inverting the ladle ami 
lining, but by simply suspending a basket fire down into it, or 
in some instances a coal fire is built on the bottom lining; or 
again hy air heated and directed as described in pages 548 and 540. 

If any cracks are observed in the lining during the process of 
drying they must be filled up with moist loam, and when the 
whole lining is perfectly dry and without cracks or Haws, a coat¬ 
ing of thick blackwash is applied. When about to run the rnotal 
into a' ladle, an old pieqp of plate should be placed in a sloping 
position, resting against one side and the bottom, so as to prevent 
the first force of the current of metal from coming into contact 
with the lining; this plate must be removed with the tongs, 
when there is metal enough in the ladle to receive the flow of the 
falling metal. The “ breaking of the iron ” in the ladle is often 
useful Ss an indication to the founder of its temperature. 

The currents are more rapid, and the bright lines dividing uj) 
the surface are more irregular and transitory, when the metal is 
first run into the ladle than afterwards. 

By a close observance of this curious phenomenon, the founder 
is enabled to judge the right moment for pouring, as it is seldom 
advisable to do so when the iron is at a much higher temperature 
than is necessary to ensure its penetration to every part of the 
mould, and making a clean sharp casting. Small ornamental work 
must be poured at a higher temperature than large heavy castings. 

If the metal in the ladle is considered to be too hot to pour, a 
few pieces of perfectly dry, clean scrap iron are plunged into the 
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ladle, where they will absorb some of the excess of heat, in the 
j»roce8s of being melted. The iron thns put into the ladle has a 
strong tendency to float; it must therefore be forced down with 
the tongs, but*the greatest care must be exercised not to damage 
the lining in so doing. , 

For conyeying the filled ladle from the cupola to the mould, an 
overhead traveller can be used, or a small but strong wrought-iron 
Iruck, running on light rails, may 
bo employed, so arranged as to run 
the ladle within command of the 
BW('ep of the crane used in pouring. 

'rho mils should be laid a few 
inches below the usual floor level 
of the shop, and when not in use, 
b(‘ covered in with sand, to protect 
them from any licpiid mehil that 
may be spilt. 

The wrou"ht-iron carriage for 

C* Cj 

ihe. blade is usually constructed, as 
illustrated in Fig. 218, by mount¬ 
ing four small cast-iron flanged 
wlaiels on strong wronght-iron 
a\les. Two cross-bars are riveted to 
the jLxles, a little farther ai)art than 
tlie diameter of the ladle; these 
are sliglitly emnked upwards, so 
as to embraee the ladle between 
Ihem, which rests-'on the axles as 
shown in dotted lines. Two strong 
hooks Hj|pre fixed on each axle, to which the chain is attached by 
which ihe ladle is drawn along the rails. 

Projecting horizontally a few inches from each side bar is a 
square stud S, which is used as a means of arresting the motion 
of the truck; this is effected quickly, but without any jolt or jar, 
by a workman who follows the truck. He is provided with a long 
iron bar B, which he slips under the stud, and rests upon tlie top 
of the rear wheel, when a slight downward pressure is sufficient to 
bring the ladle to rest 






•^>76 FOUNDING AND CASTING. 

^ 7 ' i. , 'i t' 

By the nee of well-laid rails, preferably without any incline’s, 
and thj 0 abote simple but eiSectiye brake apparatus, a large ladle, 
full to witn»>^! few inches of ,thO top, may be conveyed from tlie 
ott^la to. thfi iaapuld in a very short time, with veryjdittle power, so 
steadilypot to spill any of the contents, a very desirable result, 
on thd^sco^ both of economy and of safety. 

’ . JPhi^ ebrnns for moving the trucks along the railway are somc- 
t>y manual labour, but a more steady motion is 
obtained by winding tbe chain upon a barrel at the end of tlie 
Kneofraife. 

Having the ladle conveniently placed over the monld, the foi e- 
man in charge will dircc^ll^ men to commence pouring. When 
the ordinary form of la^ is used, a skimmer should stand on 
each side of the ladle, if it be a large one, to remove all the slag 
and other impurities floating on the surface of tbe metal, and to 
prevent as much of them as possible from flowing into tbe mould. 
For this purpose they use a skimming tool, consisting of a ilat 
blade of wrought iron fixed on to a long handle of round bar iron. 
To prevent the oxidation of the surface of the meial, povilered 
charcoal is plentifully thrown on ,it. But in any case a certain 
amount of dross will be found on the top of the ladle, and some 
of evade all the dexterity of the skimmers, and flow into 

the thbuld, to the great jisk of spoiling the casting. This daiig('r 
could be almost entirely avoided, if it were possible to use in 
general foundry work a ladle similar in construction to that- 
shown in Fig. 217, adopted in casting Bessemer steel ingots. The 
steeh from the Bessemer converter is poured into a laige crane 
ladle, whence it is run into a nnml)er of cast^on ingot moulds, 
arranged in a circle within tbe sweep of the hydraulic crane, which 
moves the ladle from immediately over one mould t<||thc next, 
until its contents, except the impurities floating on the siirfaw' (d' 
th6 metal, are emptied. The ladle is discharged by removing a 
conical plug from a hole in the bottom, as shown, so that the metal 
flows with considerable force,into ^j^e iron moulds. In this case 
> the force due to the head of metal in the ladle is of no great im- 
pottance, as it will imt injure the cast-iron iaoul^, but in general 
casting work it would he very nndesi;ral?K as it would he almost 
certain tO wash away portions of the mbpjd;, 4-;, 
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FOUKDIIY' CIUNiJS. % 

In foundry practice generally, and eten’in^TTO^ size 

of castings produced may l)e" considered weights 

he dealt with, consisting as they do of ,ftaSt-ir6n hox pai^ 
rammed sand, embedded patterns, east-iron gratings, &o., &c., afe 
off on too heavy for the moulders to lift or handle without the aid 
of some form of purchase block, lifting gear, or other tackle. When 
llio class of work is light, but just too much for the men to handle 
direct, a very useful type of hand-])ower lifting gear, or wall crane, 
is that shown in Fig. 219, which consists of a double-purchase 
winch \V for raising and lowering the weight, the outward and 
inward ralial movements of which are obtained by means of tho 
endless cliain passing over the chain wheel 0 W mounted on a 
spindle, which also carries a sprocket, or chain wheel, operating 
the traversing chain TC. Tho top rail and .diagonal stays are 
mounted together witli a hollow vertical spindle, througli which 
tlie Jifling chain L 0 passes. This arrangement, it will he seen, 
allows tlie jib and load to he swung round without serious twisting 
of the lifting chain. ' • 

Wall cranes are often adopted as supplementary to the larger 
cranes, in order to relieve the latter of the more numerous. %ht 
lifts. In adopting these on both sides of the foundry,;they should 
1)0 arranged diagonally opposite each others and dt the fflkmn time, 
])itcliod close enough abug the sides so that the lifMng block or 
hook of the one may sweep B portion of th«;,gi^und swept, by ii-s 
iK'iglihour. The centre of the foundry tfcis he left 

oiiliroly free, for the hcayier operations'>wr£h> llie other stronger 
craiK's, and the efficiency of the lifting gear, os a wlmle, consideraMy 
im]iroved, tlic value of whioh is often too apparent, and wlien olher- 
wisc lli(« men in squads aro often kept fading, waiting until some 
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otW Sqiiad baa finistrtli using tlie heavy crane, and tint too it 
may he, for just a Uttlo more than could be h uidk I 

by iho mei^ dueci ^ 

a substantially built 15-ion crane with timl < t 
with compouud braces. The wheel or wiudiii^ 

I ^ i * 



Via 219 

* 

drum is driven by spur gearing worked by a winch. The tiavc i mii^ 
sUosmueni is uihtmed by means of the gearing upon th( U u i, 
- 4$irous^ a chain, indicated in the dotted lines, movc'^ tins 
gearing^ Uui or in upon the top beam. 

When the load is suspended at the end of the crane, the v( rljol 
brace is subject to a tensile stmin, which is provided for b} lis 
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at(ac,Iimeut tpjfebe iron slices at the end. To resist the torsional 
si mill in the'Htole, caused by the* diagonal draught of tlie main 
cliaius, an arm is projected some distance from the saddle, and 
carries a roller that pres^s upon the inade of the frf^ing, and 
relieves the main track. The sheavi^ and gi^eM taekle jare of the 

FOUHDIiy CRAN<$ 
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ordinary construction. This form and oonstmiciJoh of crane is now 
only to he found in very old established foundries ' 

Fig. 221 is an example of a fixed steam-crune for foundry jmr- 
}»os(>s, the main framing of which 1$ made wholly, of wrought iron, 
'i’ho sides of the ^me are stiffen^' at their edges by angle irons. 
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The larger and more powerful cranes of this class^re fitted wilh 
this construction, the smaller being made ^of > siMaent stiflbess 
without th^. Tliei crane represented here has two steam cylin¬ 
ders, wl^l Huh-reversing motions, single and double pnrehase 


TRAVEflSINO BLOCKS 



FlO. 221. 


gearing; the barrel has a spiral groove for pre^ting the chain 
from ovOTkppng or swinging. ^ There is a racking in-and-out 
molSbn to the jenny, return block and double-chain, and powcj- 
slewing gear. The smaller sizes of these cranes have only oik* 
cylinder, and are not made with the gear for slewing. Jland 
motions are fitted to each, so that in the case of the engines or 
boilers becoming out of .order, no inconvenience may arise by tlio 
delay tliat would otherwise be caused. 

The steam-pijM) is, as a general nile, passed through the loj) 
pivot of the crane into the cylinders,, but in exceptional cfusis, 
through’l^e bottom pivot; this latter mode should be avoided if 
there is any preference. In other examples, when the crane is not 
required to describe an arc of more than 180 ®, the steam-pipe may 
Ije brought to the centre line of the crane b^ a joint witljout 
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parsin'; through the pivots. This latter pkn has been applied to a 
g(Kvl many cranes when steam haaf been required to replace manual 
liil»nur; lh6 boiler may be fastened to a platform at the si^e 'or 
behind the crane, and revolve with it. , . 

Iron frame cranes, to be worked byliand, are i^ally similar in 
every respect to the steam-crane jnst described, i^d.have a radius 
of from 12 to 20 feet, but the steam fittings are of coarse dispensed 
with, Sind handles fitted to the barrel. 


Hydraulic Cranes. . 

Il\dranlic cranes have of late years been introduced with great 
a(lvauliig(i where water, under sufficient pressure, is available. The 
form of hydraulic crane used at Sir Wm. Armstrong’s works is 

HVDPAULIC FOUNDQV CRAM& 
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represented in Fig. 222. The jib and pillar of the crane are of 
wrought iron, and revolve in top and bottom bearings. The crane 
Ins tlireo motions, namely, lifting, turning, and traversing, nil of 
whieli are effected by hydraulic pi^er. The lifting cylinder A is 
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made of doulilr ^weri that is, it^^will lift slowly or^^xjuickly as dc' 
siD^d hy^ia. tarn ti^d piston.' aTran’gieanent, which ,^.s^ not (lescrilH-, 
the jbi^hcst power.being pqnal to tons; th^^Min is 11 inclu s in 
i!ifttneterj^§;& piston 15| inches in diameter, the length of sirokf' 

The turning cylinders B are applied in the 
usnai 'tnanhji^'^t tfie foot of the .crane pillar; the rams being ea< !i 
4^ inches diametfer, with 5 feetr^fepoke; and both the lifting and tli^ 
turning cylindiers, with jpi^r.ValT^/are fixed in a chamber beneath 
the level of the flow^*.. tHre^-pc^ yide-val^ is used for tlie two 
turning cylinders, Mid*^Jp^6 valteS for tho lifting cylinder. The 
chain from the lifting (^pnder is carried upward through the crane 
pillar, bending oyer a si^ye C at the top of the pillar, and passe s 
successively over the pulleys of the travelling carriage D, and tin' 
running block E, and is finally made fast at the extremity of thc 
jih. For the purpose of overhauling the ram of the lifting press, 
a small press is placed between the two turning presses B, and the 
overhauling action is effected by a chain being attached to the 
sliding head of the lifting ram at I. The pressure in the over- 
Imnling press is ednstant, and its action is therefore eqnivulont to 
that of,ta counterweight; the ram is inches diameter, with 
o feet 'b inches stroke. For effecting the traversing motion of Iho 
lofid su^qiehded at the hook, the travelling carnage D is liauled in¬ 
ward and outward by two presses H fixed to the back of tho ci ane 
pillar, and connected by chains with the travelling carriage; tlic 
ram of eooli 'press is inches diameter, with a 4 feet 7 inch 
stroke. The alternating action of these presses, which is prcscisely 
the sjime as that of the presses B used for the turning motioji, is 
regulated by a iliree-.jwrt dide-velve 1£ attached to the front of 
tho pillar,'with,a lever at each sido for working it. The water is 
Knp|)lied to and discharged from these presses by two pipes winch 
pass through the top b^ing of fhe pillar, and tbe connection ho- 
„ t w^fui the valve and these pipes is effected in each case by a ti uiini< ai 

>itet jj. 

. ’ 0VEKUKAD TuiVEiitLiNG Cranes. 

‘ ; /*• 

Where.wojrk is at all heavy,-it beebmes a question as to the 
advisability of emplo)ing overhead travelling oiaues, which lia\o 
the great merit of Icjiviii^ the pdouldiiig floyr^entirely clear. By 
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iiiftnns of sneh appliant'es flasks from tbe 

oulsido of the building, and' Iciwex any given spot within 

the sj)ace traversed; while they can also l^'Er^nged to bring the^ 
ladles to the moulds, or remove cas^^ to the fettling yard. 

Overhead travellers are made dt yory varionsd^gns; the chief 
points to be observed in their construction'beings the making of the 
main girders sufficiently strong for the weight they will be required 
to support; and in those worked by hand,, power the gearing should 
be of psiu'cially good oonstraction, for it must he borne in mind 
that till' gross weight of both, Imvel'er and load has to be morc4 
every time the crane is put into operation, ^'he girders 
se^'eI•al forms, some having timber beams and wrought-iron tmS 
and tu-i ods, while others are of wrought iron of various sectioas! 
d'lii; lienvicr varieties are fitted with a central or platfSrm girder 
which, to a great extent, supports the weight of the lifting and 
workiu.i; gear with its framework. 


Hand-Power Ouane. 

Pig. 22.3 show's a traveller with the main ai^' platfonn girder 
e(>nii)osc‘d of wrought iron, rolled in H section and trussed. This 
Ibrm of traveller is frequently used where lightness is required 
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tlio crab. cbain ba^el is into the large spnr-whfcl 
to relievo the shaft fixjmSbrsioni, the ratchet-wheel is cast to t!ic 
l^lange of the barrel, ahd the brake ring is cast to the spiir-wlici'l: 
the brake strap is lined with wood, and fitted with a hand lever. It 
will be seen that the two travelling motions are on one centre; tlit 
longitudinal motion, being the Heaviest work, is given by theemnk 
handle; the lighter work of the transverse motion is given by tlie 
hand-wheel, and as the attendant can have one hand on it and 
/the other on the crank handle, a load can bo simultaneously moved 
transversely' and longitudinally any ^ort distance required, a cou- 
lition most favourable to some operations. 

W The advantages afforded by tliis arrangement of two crabs are, 
that when the maximum load is being lifted it is distrilmtc'd 
between t#o sets of olmins and gear, and over a great portion el 
the inain beams; the men are not unduly crowded, and each man 
can apply his force with proper effect; the load can also ho lifte d 
level, or he canted to any position required, or, for light work one 
crab can bp lht;own out of gear.and run to one end, and all the 
motions performed by the other. Travellers for loads of less than 
20 tons are rafe^ made with two crabs, but this is entirely a 
matter dependpnt on the class of work the crane is employed to 
shift ; ' \ 

v:.-ulS<lcrAnE Shaft Driving (tear Crane. 

¥ 

The travelling crane. Fig. 224, is well adapted for a foundry 
where steam.can'^thdut difficulty he applied for the purjiosc of 
drivifig a tumbler shaft,, tbo length to he traversed longitiidiiudly 
not exceeding 200 to 300,^t; beyond this distance, the torsion of 
the tumbler bbcoi)i^ objectionable. 

¥ 111 ., It was'^strnctpd to sustain a load of 50 tons for a span of 45 
feet at the Ndith-!lSailE:^;'M^ Engineering Company’s Works 
at {^imderland., It is one of . the most powerful of the class to 
.which it belongs, and was ma^’by Appleby Bros, of London. 

,, ^The main beams are wrought-iron fish-bellied box girders. I’Le 
hox^Sfieciion is algo employed in the end cradles, which are fitted 
with £ik steel double-flanged wheeler fixed on immovable axles, tla.! 
lubrication of which is porforfued from the centre. Such an 
immense weight is supported by each' Avheel, that it is necessary for 
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flioin to 1)6 made of steel instead of the four crab-wheels are 
also of steel. These latter could ndPpS made with fixed axles, 
so iire ])rovided .^with movable double frames or journala The 
crab is formed with single, double, and treble purchases, which are 
varied by means of a hand*wheel and screw. The barrel hus a spiral 



Fig. 224. 


groctvo, so as to pnable it to take the chain without overlapping, 
tlio "(.‘aring at each end being so arranged as to provide against 
toi sioiial strain on the barrel shaft Three sheaves are j)rovided 
to the top and bottom blocks, thif| enabling it to give seven lrtj)S of 
chuiu. On the first motion shaft, ^besides the three ditrereut speeds 
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of lifting gear, theref U geared change wheels and clntchos; 

by these Bi,m|de ini^ns ^flRoleof the traTolling and lifting spc'ods 
ai;e completely changed, iii'the j^roportion of 2 to J. j thus, without 
disarranging the crane blocks, it gives the lifting s^ed of six powors, 
and two speeds of longitudinal and cross travellingj making tho 
tra^ller, which would in other circomslances be slow and ungainly, 
into a very useful tool. Of course the greatest load of 50 tons 
would be an exception rather than an every-day occurrence. 

The motions are transmitted by reversing friction dutches, wliidi 
are copper-lin^, the brake and pawl being connected and oporaled 
ry a foot lever; when the brake is applied, the pawl is of course 
lifted out of gear. The mot|||its of lifting and carrying can ho 
siinij^eonsly worked; the levers, being all brought together, can 
he wSed by one pan at a point where ho can see every movemeiit 
on the part of his fellow-workmen, which is of very great monient, 
as he is compelled to labour almost entirely by signs of the hand, or 
some other movement, and any error, through a misunderstanding, 
might be the cause of'considerable damage. Hand power is also 
supplied to the machine if required. In the trial of tliis overluiud 
traveller with the maximum load of 51 tons, the dellection of tlio 
whole, including that of the longitudinal beam, was found on ex¬ 
amination to he only three-eighths of an inch, and this was not per¬ 
manent. The shaft can he easily lined up in case any settlement 
should take place in the foundations, tho tumbler hearings being 
adjustable. The longitudinal shaft, from which all the movements 
are taken, is of 3-inch square iron, driven at the speed of 1OO revo- 
lutioifk a minute. 

The same shaft will, if necessary, drive several of these tra¬ 
vellers, < ' 

Cotton Ropb -1)biving Gear Cranes. , 

In many large works, two somewhat elaborate systems of lifting 
have been employed, in which rope tjord is made the means of 
transmitting the power, instead of shafting. The first of these was 
introduced % 1^. John EamSbottom,,Mid the following description 
is from thai gentlpnian’s paper in tho * p^ufacEons of the Tnstitulc 
of Mochaaical Engineers.’ , 

The cranei^ upon Kamshottom*s s^teip, so construct! ■'! as 
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to 1)0 driven by “d light endless ootdjrfiSaaall diameter, extending 
throughout the entire leng^ of tbeirilpp traversed by the crane, 
'riiis cord is driTen at a,.very hi»lL,^,^d* nearly 60 miles an hour; 
in oonseijoence of tvlneh onl^i a^Very idight driving power is 
roijuired in the shifting gear -of cordis 

h' ltt of uniform tension and 

is ill-ranged so as to allow, of the and traversing in 

ovci-y direction, witbputjBBDsibly atfectiiig the length of the cord. 

The cranes of th^construction in the Crewe %yorks we of two 
(■hisses: longitndiuaVoverhi^d((iranes, lifting loads up to 25 tons, 
iuid traversing-jib-cranes, lifting 4 tons. The cranes are all driven 
by ciulh^as cords running along tfee. top df the simps, close to the 
loof tie-beams. The overhead traversers are worked in each case 
by a mail seated on a platform attached to the crab, and moving 
willi it; and the jib-cranes by a man standing below at the foot of 
fhe crane, and walking along with it when traversing; each man 
liiiving control over the lifting, lowering, and traversing movement 
bv a set of handles. 

Fig. 225 is a transverse section and plan, shortened in the 
direction of the length, of the engine-repairing shop at Crewe. 
'I'lif' two pairs of overhead traversers A A and B B work on two 
jt.irallcl sets of rails, each having a 8j«.n of 40 ft. 7 in., and 
a longitudinal traverse of 270 feet. . The girders forming the 
ioii.izitudiiial mils, are carried l>y the side walla and by columns, 
:it a lifight of 16 feet above the floor. The two pairs of,|raversers 
ai-(‘ .s(‘])arately worked by the endless cords C C and 1) D, each cord 
iH'iwg carried down the side of the shop, and returping along the 
side, hut at 4 feet lower level. The course of the cords is 


SiUUC 


iii liciited by tbe arrows. In order to comAuaicate motion to the 
trii\(‘rser end crab, the driving portion of tlic cord is carried across 
l iich traveBser to the iarjther end, and back aga-m. before passing on 
111 .'iiifun driving pulley, ; ' 

The cord is.^eturned round a tightening'4 feet dia- 
iiiclcr, at the egd 6f,.;^e shop, oairied m a hotisohtal slide frame 
as shown to a l^er scale,in Fig. $^^6. To this frame is 
connected a weight lor ^the purpose of giving the 

juisite tension to; the drmDg“i;^cotd, and taking up any strt'tch- 


]■('( 


ing or temporary vailatiwi' ,bf length ^due to change of load or 




























































I’he traverser is constnicted of tiivo timber beams IT II, h-nsjst'd 
vsith wrougbt-irou bars; and tUe]|whole is carried by bmr llangt’d 
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wheels moTiiited iii the eafei-iron .carnages, into \\hich the einls of 
.the bfam HVare fixed as shown in Fig. 227. 

The longitudinal driving gear, shown to a larger scale* in 
Fig. 228, is placed at the end' of' thi^ traverser. It consists of a 
double friction di^ K, kej^ on th® "^^Ical spindle of tho drivini; 
pulley L, in which the drhFing .^i^ zims. The spindle footstep and 

' ' • ' , •' 1 .',■" * '- 

OVERHEAD TRAVCRSVnD CRANE 



Fje. 228 . 


guide M are carried by the;,d(^hle lever N, which is connected to 
file ste^ i®ver on the horizi^fesliflrP*: !]to*flhaft extends across 
the ^hole length of the-trwver^^ w show; Q 0, in Fig. 2.'>0, 
and is tinder tl^ control of th®'jatW^t h^'i^ans of the lover 1 
sliding bn the shaft 0, Fig. 230, ^ong.with the crab, whereby Iho 
friction disc K, Fig. 228, is i^ised piTi lowered,; jp, as to be brought 
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into contact with the friction pulley P, either at bottom or at top, 
according to tha|j^irection in which the traverser is required to 
move. The mo^n of the friction pulley P is reduced by tlie 
worm or worm-wheel and spur-gear to the pinion shaft Q, which 
is carried across tho traverser from end to end and by moans of 
])inions, driving the carrying wheel 'at each end of the traverser, 
Fig. 227. The frictional surfaces of the drivBig disc K are com- 



' Pig. 229. 

poHod of rings of aldSb woiS cut with the fibre on end; the edges 
of the wood rings are bevelled, and they are secured in their plac(!S 
by an inner iron ring, as shown blach in Fig. 228. 

The pulleys for returning the driving ,<^rd,’ from the fartlier 
end of the traverser are shewn separately 229. TJioy 

work in the inclined position shown, in order\hat the cord which 
has passed over tho traverser imj he returned at inch lower 
level, and at the same time in a different vertical plane, as shown 
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at A. This is done in order to facilitate the Wering and lifting 
movements^ as afterwards desciibed, and furt3| m:. in order ihat 
the two cords which are travelling in opposite owections, may not 
rub against each other by the swaggiug of either of them. These 
pulleys are keyed upon wrought-iron spindles, running in long 
Ixjarings, which are placed wholly below the pulleys, on account of 
the small amount 6f clearance between the roof-principals and tlie 
pulleys, only 2^ inches. The weight of the pulley and spindle is 
taken by a brass footstep. The bearings are of cast iron, and are 
chambered at the top for the convenience of oiling, which is dour; 
by raising the pulley by hand until the spont of an ordinary oil¬ 
can will reach the chamber. In the extent of the cord leaving tlie 
pulley from any cause, guards are provided, as shown at A, in order 
to prevent accident. 

The crab of the traverser is shown in elevation and ])ku in 
Fig. 230, It consists of a pair of cast-iron frames, carrying a 
chain barrel, lifting and lowering, and traversing gear; the wlndt' 
being carried upon four flanged wheels running on rails bolt<‘(l 
llpon the traverser beams H H. 

The plan of lifting and lowering gear is partly shown in 
Figs. 230 and 232, and in detail, to a larger scale, in Fig. 23J. 
The double-grooved pulley 11 is keyed to the vertical spindle, and 
is put in motion when the cord is pressed into cither of its groevey 
by the presser pulleys S and T. These pulleys are of cfxst iron, 
8 inches working diameter, and are mounted on short iron studs, 
tapped into the radial arm Z, on which they are carried, as sliown 
in se^iion. The heads of the studs are recessed to form a ]■( - 
ceptaele for oil, Fig, 231, the oiling being done from the toj), 
through a hole drilled in the stud for that purpose. When at rest 
the pulleys are clear of the cord, ar^are, therefore only running 
when work is being done. The bdlriugs are nef'o.'sarily 
short, in consequence of the small amount of clearance hi t\ve(ui 
Ih© pulleys and the roof tie-beams, which at this point do nut 
exceed 1^- inch, as seen in Figs. 225 and 231. The grooves in tlio 
driving pulley B, Figs. 230 and 231, arfe of different dianu ters, 
whereby different velocit.e.'^ are obtained, the smaller being used 
for lowering and the laiger for lifting; and as the two portions 
of the driving cord are running constantly in opposite flireetions, 
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{Li' r ATTsiiij^ is obtained bj yimply pressing one or other of the 
cun is into contact with the driving pulley, by the presser pulley 
S or T, on the same side of the driving pulley in both cases, with 
a pi cssure proportionate to tlie work to be done.. The radial arm 



Plan ,. 

Fid. 2510. 

Z carrying the pressure pulleys S ami T, ttfftifl upoii.the spindle 
A, ]‘hgs. 2‘ii and 232, and the toothed segpient B, which is j'firfc 
of (he same casting as Jhe arm iS, gears into a rack ai tlie end of 
;J.e jod 0, Fig. 232, attached to theland lever D. Tlie lever 1) 
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is i^e'jGCD&di bf tbs attendant, and is held in its ])]Hce by 
a sgi mft b^^clivln a, notched sector. 

Utam ihe dii^vibg j^uiley K, tho velocity of the driving cord 
,ig transmitted ahd.tednbed itirough the worm and Worm-wlurl 



U, FigS' SSl. 3DQ»bj^^.t6 eebnom''^ apace, tlie shaft of tlio worm- 
' wheel TJ is cai-ried ^co^h^.^.liojlJow shaft on which the cluuii 
barrel T and its spur-wh^^ ire The number of njvohi- 

iaCjhs is furtheir, reduced and wheel to tho shaft W, 

m yhieh slide the two pamc^'jK Kjiof diameters, gearing 

alteriiatbly into the ppur-wheefc Y Y, also of different diinuotcrs, 
which mo keyed to the claim J|»iTna{ .Yj. so aa to give a gn ater 
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f)r less purchase as required for heayy or light loads, the ratio of 
(lilh rciico being ahoiit 4 to 1. ' 

The cross-traversing gear E, Fig, 230, is similar in principle 
to the lifting gear. The two grc^v^ oJ the driving pulley F are, 
liowcver, of the same diameter in th^je^, the V(^ooity of traverse 
be ing the same in both directions. ■ The pulley F ki placed on the 
opposite side of the driving cord to the! pulley E of the lifting 
so that the cprd, when used for traversiDg,' may not foul the 
lifting pulley. The ra^|||wni carrying tlie press^/pulleys 
hcloTiging to the driviug^POley F, is worked by a raol[^|ftd seg- 
incut from the hand lever J, Fig. 232, which is adjacent to the 
band lover D of the lifting and lowering motion. 

1'he cross and longitudinal traversing movements art made at 
tlie rate of 30 feet per minute. The heavy loads are lifted at the 
rate of 1 ft. 7^ in. per minute, and thq,. light ones at the rate of 
**1 it o in. per miaute. 

Traversing Jib Crane, 

bb'g. 233 is a transverse section and plan, shortened in the 
■din'ction of the length, of the wheel shop containing the pair of 
ft aversiiig jib-cranes. A vertical section and front elevation of 
-ai li of the two jib-cranes A A are shown in Fig. 234; they 
bavo a radius of 8^ feet, and a traverse of 120 feet along a single 
rail bolted to the floor, and are guided at the top by a pair of _ 
girders B B, of H section. The top of the crane carries the 
i^iiido roller C, which just fits in between the two girders % and 
serves to support the crane laterally when lifting on either side of 
the rail. Tb^riving cord is carried down to the shop and back 
again, as indtwjled by the arrow^in the plan. Fig. 233, just below 
11 le roof tie-beams. In its course, it is passed ^uiid neuiy half 
the circumference of the driving pulley D of each.<^iiei by means 
of the two guide pulleys E E, ^e one cranj^ being driven by the 
oiilgi)ing cord, and the other by' The guidoll 

])ullcy8 E are carried by a guide bracbet tbe top of the 
rrane post, Fig. 233, and traverse^wth the crane. The tightening 
gear F is similar in its action to^ihat already descrilied for the 
overhead traveller., • • , 
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Tlu‘ ciano is constructed cf the plate-l)ox frame G, Fi^-. 
l(iri>rnii>: the base, and carrying the vertical cast-iron pillar H, 
iininil wliich ^he outer casing hnd its attached jib K revolve. The 
»lii\ iiig pulley D is keyed to th^perticol shaft I, passing down tbo 
ct nlre of the crane post, and from tl:i.s shaft all the motions are 
til ken by means of frictional gear. The lifting and lowering gear 
J consists of the double friction-cone of cast iron L L, sliding on a 
last key on the vertical shaft I, and moved up or down as required. 



io hnng the lower or upper frictional surfaces into contact with the 
; i'lLili- < ontral friction-cone, from which the motion is transmitted 
Slid reduced through tho worm-wheel and train of spur-gear to the 
cliiiin harrel, as shown at J in Fig. 234' The whole is carried by 
tlic cast-iron bracket N, which is bolted to the outer casing of the 
(•nine pillar, and revolves with it. The bearings for Iho driving 
sliivtl 1, above and below the double friction-cone L, are of cast iron; 
Imi ihc horizontal worm-spindle runs in ii brass hush, the end ])res- 
Miie, ^Ybeu lilting, being taken by tW 'dollar of the bush jlnd tlie 
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end step. The driving cones are raised or lo^^red by means of 
the doable lever 0 0 and brass clutches, as shown in the enlarged 
sectional plan, Fig. 234, on each side of the boss of the lower cone L. 
These levers are placed under the j^es instead of between them, in 
order that any oil thrown off the ifflfars may not affect the frictional 
surface. The clutch levers are connected by an external rod to tlie 
hand lever P, at a convenient height for the man working tlio 
crane, as shown. * 

The traversing motion shown at;|^|Bj^milar in principle to the 
lifting gear, consisting of a sin^e £H[<|||Pcone keyed on thebottoiu 
of the vertical driving shaft I, which communicates a backward and 
forward traverse when cather face of the double c^ne S is bronglit 
into driving contact as required; the motion being transmitted fo 
the carrying wheels by tbe horizontal shaft T through the train ()f 
worm and spur gear indicated in Fig. 234. The traversing gear 
is applied to ^th the carrying wheels, in order that there may 1 *0 
sufficient adhesion when the load overhangs either end of the ciane, 
which would not be the case if only one wheel were driven, and tlie 
load overhung The opposite end of the crane. The double cone S is 
moved along tbe horizontal shaft T by clutch levers U in a similar 
manner to the lifting and lowering gear. The double cones S are 
of cast iron, bnt the driving cone is composed -of a cone of alder 
wood, which is fastened by lock-nuts and studs to a wrought iron 
disc screwed on the coned end of the vertical shaft. The traversing 
gear is carried by the bracket W, which is bolted to the foot of 
centre pillar, B. The bearings of the horizontal shaft T are of cast 
iron, and the bearing of the foot of the driving shaft 1 is of bra.^s, 
the weight of the shaft being taken by the collar of the bush, on 
which rest the loCk-nute screwed on the shaft at that point, form¬ 
ing an adjustable collar for faking up the wear, wd keeping up 
-the driving pulley D at the right level for the driving cord. ^J’ho 
horizontal shaft T is carried at the end by cast-iron brackets, with 
' brass bushes to take the end ^hrust in traversing; the worms are 
' pinned on the shaft. . 

Th$. jib of the crane is Iwmed of tw;o wrought-iron Lars, 
stiffened liwifally by diagonal .trussing, and tied at the projecting 
end to thenuter pillar of the crane by two tie-rods, as shown. 'I ho 
bottom pfessure of the jib is taken by the rojder X, which is carried 
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in a casi-irorv box lx>lted between tbe pi^ecting sides of the ouU*! 
easing of the crane, and irons up the be'^llled base of the cast-iron 
crane pillar H. The base G of. iho-icrahe is sofficiently long to 
st'cure its skl)ility when the ma^niom Jofid is Hflted OTer the rail 
or Ifiigtliways of the crane base. ' , ' s . ; , 

In those cranes, owing to the high speed at which the driving 
cord runs, the power is applied at a very long leverage over the 
load to 1)6 lifted.' The velocity of the cord is in all castes 5(X)0 feet 
])(>i jiiitnile, and in the ove^|^d traversers the h^avy loads are hfted 
ill tlio rate of 1 foot 7^ miaies per minute, the total Lveiiige being 
sliiilitly over 3000 to 1; so that in this case the driving power re- 
il’.iirc'd lo lift the maximum load of 25- tons is only 18 lbs,, irre- 
sjifvfi VO of friction. When lifting light loads with the traversers, 

1 iic speed of lifting is increased to 6 feet 5 inches per minute, being 
!i lo\ erage of nearly 800 to 1; and in the jih cranes, whidi lift up 
lo 4 tons, the speed of lifting is 5 feet inch per minute, giving 
ji leverage of nearly 1000 to 1. The actual power required in the 
1 niversers for lifting a load of 9 tons, besides the snatch-block and 
chain, has been found to be 17 lbs., acting at the circumference of 
ilie driving pulley at the point where the driving cord acts upon 
it ; and th(^ total lovt?rage over the load being 3000 to 1, the portion 
required to sustain the load is G lbs., leaving 11 Jhs. as tlie working 
j.ower required to overcome the friction of the crab-gear under that 
load. I'iie crab, when unloaded, is found to require a driving power 
of 1 L lb. to overcome its friction. 

'J'lie tiglitening weight G, Fig. 225, is 218 lbs., or 109 on 
each half of the driving cord; and this is found to be about the 
best working strain for keeping the ro^ie steady, and giving the 
I'ccjuired hold on the main driving pulley, and the horizontal 
j'ul!''ys of the crab. The limit of the weight G is that required 
lo give steadiness to the transverse portion of the cord situated 
bet wet'll the crab pulleys and the end of the ^yereer, which is 
unsupported for a length of about*30 feet.wh^ {be^OMth is close 
OIK' end of the traverser* - , V' ' ' ‘. 

The driving cords employed ’vihite eotttm cords, inch 

(liauK'ter when nepr, and W€sighing i^boiit % per foot; tht'V soon 
hcconie reduced to about inch |)y‘'sti‘etaj|iffig. and tre found to 
last about eight months m A smaller cord of about 
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j| iiicli i3iairietoi;‘\vas originally ns'd ; it was, however, found desir¬ 
able tp;'adopt a cord | indi diameter afterwards. The total len.<;l]i 
of eacli of the two drivihg cords is, in Fig. 225, 800 feet, and in 
Fig. 233, 820 feet. The wear and tear of the cord is coiisidcn tl 
mainly to be influenced by the bends to wliioh it is suhj^^'cted in its 
course; and the pulleys,over which it is bent are therefore none o!' 
them made less than 13 indies diameter, or about 30 times tl'e 
diameter of the cord, excepting only the presser pulleys of 8 indm.- 
diauader, for pressing the cord into the grooves of the drivinii; 
pnlleys in the overhead trayersers. In the jib craiu's the ooid h is 
eleven bends at-all times, whether the two cranes arc working i»r 
not j and in the trayersers^ the cord has twelve honds when bolli 
cranes are not working, sixteen when both are lifting or cross - 
traversing alone, and twenty when both cranes are traversing jo 
also lifting. 


'i 



Fig. 285. 


Tlie groove of the driving pulleys i.s made V-shaped al. an angSe 
ofoO degrees; and sm.aller at the bottom titan the <;ord, as sliown 
in the hdf full-size section at A, Fig. 235, so that the cord is gripi'c i 
between the inclined sides, and does not reach the bottom of ti;t; 
groove. In the guiding pulleys the groove is made Imlf round at 
the bottom, with the same radius as the , section of the cord, as; 
shown at B, and in the pri^sCr pulleys the lioltom of the groove is; 
rounded out with rather a longer radius, as shown at C. 

The cord is supported at .intervals of 12 to 14 h'ot by lixe.l 
slippers of a plain' trough Action, in which it lies whilst nmnine, 
8.3 shown af A'; Fig. 23(). They are of cast iron, flat in the h(>i tom, 
which IS 1|, inch wide, and with side flanges as shown in the liait 
full-size sipion at :B, Fig. 286; the ends are hell-montlj* d., a,- 
sbown at A. The slijipers are fixed inch below the working 
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l.'vcl of tlie cord on tho driving sitie, so that the driving wheels 
puss dear above the slippers in the traversing of the crane, and 
iilt a. ])(^rtion out of them successively iu passing, as iudicHed by 
tlu; l elative i)ositioii of pulleys shown at 0. 

In experiments made with a nuiuter of slippers carrying dif- 
t ri'iii weights, the fritJtion between, the cord and the slipper was 
touiid to be about | of the load ; but as the total weight of that 
of the cord which rests on slippers is only 50 lbs., and tbo 
w!i(>l(‘ friction consequently amounts to only 20 lbs., it is not con¬ 
sidered worih wliile to complicate the system by the introduction 
(tf pulleys i'or supporting the cord. No care in oiling is required as. 
1 < '.;.iids lb. se I'caring slippers used in transmitting the povrer along 
tlj( .sii(>p, fjs is in the power cranes driven by contimious longi- 
t'idiiial shafting, where tumbling* carriers aie required, or where 
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bravy cords at low velocities are u>'ed, requiring carrying }»ullcys, 
tiie b(‘ai"ngs of which need regular oiling. By means of pull cords 
]..^s^ing from end to end of the shop, the main driving gear for each 
pair of traversers may be stopped at any time by the men x'yjjrhing 
tbr i l aversers, so that when the cranes are not working, the whole 
ol tlje high-speed gearing stands idle. 

The diameter of the woim-wheel U of the lifting gear iu the 
‘J.b-loii traversers, Fig. 231, is 21 inches at the pitch line, and 
tills is ilriveu by a worm 3 inches diameter at the pitch circle witli 
J inch pitch, the iuclinalion of Ihe threads of the worm to the axis 
of llie worm-wheel being 1 in 9i^, 1 in 9'4. This is found to bo 
s.tb ly within ihe angle of friction, so that the will not slip 

b:ick with any weight it has to lift j and it thus affords a complete 
inociis of bolding np the weight at arty point, without the v..<c of a 
lir.dm, and of lifting or lowering it instantly without the sii.eblest 
jrrli. The pitch of the worms ha.s, however, been so arnmged that 
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in lowering t>ut little i^wer is required fuitlier than to put tlio 
geariqjg^in moticai;.- Tlie speed of the wornffl at the pitch lihcs is 
83vt npiper imntite for the lifting gear of the 25-ton traversor, 
and 486 feet per minute in the jib-manes. The pressure on tlic 
teeth of the worm-wheel in the traverse, when lifting the maNimniii 
w'eight of 25 tons, is 9 J cwt, and in the jib-cranes when lifting tht> 
load of 4 tons, it is cwt. In the practical wording of the 2r)-ton 
traversers, however, the strain seldom exceeds one-half of the givoii 
amount, since in lifting very heavy loa^ the two crabs are nsuiilly 
employed in conjunction. ' 

The action of these cranes is very smooth and easy, and all the 
movements are readily under control, but they absorb a good deal of 
power. It is therefore e^ential to the successful working of tliis 
system to reduce the friction as Ach as can he by employing \v(*]]- 
made carefully balanced pulleys, and having as few bends as possihlr. 
The pulleys at Crewe are finished by balancing them on a jtair of 
parallel straight edges, and adjusting their weight by tiling and 
scraping, until they remain at rest in any position ; when so adjiisti'd 
they work smoothly and steadily. 


SxtQBL Wire Hope Geaubr Cranes. 
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A system probably better adapted for heavy foundry practici 
that in which a steel-wire rope working with a clip drum is employcil, 
instead of a cotton ro{)e acting by friction only. A crane on this 
plan was described and illustrated by Mr. John Feniie in tho 
‘Trans Inst. H. E.* in 1868, from which we extract the ^bllu^^illg 
description. 

The wire-rope crane^ Fig. 237, is employed at the Steam Plough 
Works, Leeds, for lifting heavy work ranging from 15 tons down¬ 
wards ; it has a spaii of 40 feet, and traverses k length of 180 fe(d>. 
The three different motions for lon^tudinal traverse, cross-trnvers(i 
and hoisting, are all derived from one endleffii steel-wire rope, | inch 
diameter, and weighing 2 lbs. ^ ..y^rd. This rope is driven at a 
speed of fourj|j|es an hour^ by meaiw of a clip pulley fixed at oini 
end of the sb^'which is driven by .belts and gearing from the ongi no 
working in the shop. The rope ^xtmids the whole length of ono 
side of ^e ^bp, going and returning on the same side at the levol 
of the travoUer, and passing round al|j^pulley at the farther eiul. 



8TEEL WIRE ROPE UEA.BEU CIUNES, 


CU 


n 

o 


riio rope is entirely unsupported between tbe two ends, and is not 
strained tight, but hangs loose with only a flight tension, because 
the jxjculiar action of the clip pulley allows of the whole power 
bc'ing communicated to the rope, by the grip of the pulley through 
half its circumference, even when the feiU-rope is entirely slack. 

The clip pulley A, fixed at the end of the shop, is speeded to 
driA e the wire rope B B at the rate of four miles an hour, and lays 
hold of the rope with an amount of grip proportionate to the strain 
thrown upon the rope by the load, releasing it from its grasp when 
the rope htis passed the centre line. The construction and fixing 
ot the movable jaws or clips round the circumference of the clip 
].ulley is shown 2^18. At one end of the tra- 

\elliiig platform C of the cHlie, is fitxed another clip pulley D, also 
enlarged in Fig. 239, of the same size and construction,round which 




Section . 


Fig. 238. 


the same wire rope passes, making three-quarters of a turn. The 
ro]»f‘ tlien jiasses on to the farther end of the shop, and rou^l the 
groove pulley E at that end. TJiis pulley is centred in a sliding 
IVanio provided with an udjustiug screw G, for tightening up the 
rope, to any tension re<|iiired. It has not been found necessary 
to liave any sliding weight attach^ to this frame, for Variable ten¬ 
sion. of the rope. ‘ The wire rope has no slipt>ers orcairrying pulleys 
to support it, and is consequently free from the fjricition that accom¬ 
panies their use, nor is it considered necesi^ry to use carrying 
])ulli‘ys for distances under COO leet. The eh^ fear which the crane 
illustrated was made is 180 
catenary-curve through that ( 
liiu! being I) inches to 2 feet, 
by the end pulley E, 


Bt long*, a!i|i ,'^e rope hangs in u 


tanc^ the 
coidin^ td; 


^on from a straight 
iiegree of tightening 
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"riio gc-ariiify for working the longitudinal traverse and cross- 
ti:iv(‘rsc, shown to an enlarged scale of Fig, 23t), is of tho 
oi\linary (lesci ijdioii, the motion l)eing communicated from the 
])iilli.*Y 1.) on the traveller, by means of friction clutches. The loji- 
gii mlinal traverse has a speed of 30 feet per minute, and the cro.ss 
traverse 20 fuut per minute. 

^rhe lifting gear consists of a very long cast-iron nut, or screwt d 
h.iriel 11 JI, cx^iding nearly the whole length of the traveller. :is 
shown ill the plan Fig. 237, and to a larger scale at A and !> in 
1 ig 210 ; and inside the barrel works a short screw I, sliding on 
two h'iithcrs upon the long shaft J J, which is driven by a friction 
clutch from the clip pulley D on the traveller, so that by the revo- 
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Fig 2J0. 

luliou of the shaft, the screw is traversed along with th@»barrel. 
M’lie long driving shaft J is supported at intermediate points of its 
length, by the two sliding bra-ss steps K K, as shown at C, Fig. 2-10, 
sliding along freely with the barrel II, and kept apart from each 
other at the distance of half the length of the barrel by the rod L ; 
hy this means the shaft J is never left unsupported for more than 
lialf its length. The screwed barrel H is east in two halves 
longitudinally, aud lx>lted together, m shown,'In section at 1>, 
and the pitch of the screw head is 11, inch, the diameter Ixhig 
inches. One end of the hoisting .win beiug nltachcd to the 
sori'w frame M, as shown at A, the passes along throiuji 

th(‘ inside of the barrel H, P, at tlie faillicr 
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ond of tlio traveller; then over a pulley on the cross-travojsijiir 
fiiriiage 11, Fig. 237^ shovm enlarged, down to the snatch-hook S, 
and tip ^ihi^er a second pulley on the carriage R ; and tli(‘ ond 
is attached ^^le nearest extremity of the traveller at T. Tin jo 
is no reason-, l^wever, why an ^ordinary might not be us.'d, 

worked by a shaft extending from end to end of the traveller; find 
that plan is adopted in some instances; but for heavy weights it is 
still considered that the long screwed barrel alx)vei|tescribed is ] in¬ 
ferable. The crane has two sp^s for the lifting gear; one ht ing 
at the rate of 6 feet per minute, the other at the rate of 3 fot t j.er 
minute, and at the latter speed the crane is calculated to hit 
15 tons. 

It is most desirable that all miwihinery of this kind should bo 
kept running constantly, so as to be available for immediate us<- 
at any moment when required, without any delay in starting it to 
work ; but inasmucb as the total time during which the crano is 
actually in use does not amount to more than about one hour out 
of ten, it is of special importance that the power einploywl to 
drive the rope when the crane is not in use should be'reducod to ;i- 
small an amount as possible. If a quick running rope is emjfloy-d, 
the absorption of power for keeping it in motion forms a Inruo 
proportion of the total power required when liffing a load, and tins 
is a loss which is going on throughout the day; hut when a low- 
speed of rope is employi^-ltl^ constant loss is greatly reduo'd. 
The pull required t6 ,pt®ihe rope in motion when tho crime is 
standing idle is 128 When lifting a load of 30 tons at ilu' 
usual ‘..peed of 3 f©^ per minute, the additional pull upon the 
rope due tb the load is 191 lbs., making a total pull of 319 lbs., 
and the horse-power required with the wire rope is consequently 
3’4 horse-power with; a load of 10 tons, and only 1’4 horse¬ 
power when standing, idle, these amounts being very much Jess 
than in the case Of the quick-moving cord crane. 

ELECTRiq .tia^T^ING Ceanes. 

In aiii^e methods f^/ transmissiOE^^^ power previously re¬ 
ferred to,,ji;‘Tery la^^roporti^.bf power absorbed is dis¬ 
sipated in this loss is as mueb as 
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Tf) por cent, of the total power required when the (;rane is in 
oj (('ration at full load; it must also be remembered that while tlie 
crime is only used intermittently, the loss of j^ergyijtt maintaining 
1 h(! speed of driving ropes or square shafting, as '^^eaae may he, 
is coiitiiiuouR and represents, a large iproportion of the total loss, 
'i'lic fill-day elHeiency of such cranes is, therefore, very low indeed, 
iind if we assume that the crane is; in active operation for one 
hour out of every three, with the most efficient working load, so 
tliiii during the hour the efficiency is 25 pr cent., then the actual 
working efficiency, that is the ratio of the useful work done per 
day, to the power daily absorbed by snch cranes is less than 
IT) p(‘r cent. 

The continuous noise of rope or square shaft driving gear is 
ih^relorc not only unpleasant and irritating but costly, by the 
necessary up-keep due to excessive wear and tear. 

Where mechanical means of pciwer transmission have failed 
electricity has come to the aid of the engineer, and now by its 
riji'.ms tliis important branch of engineering has been cx)mpletely 
ic\ (dillionised. In tbe earlier forms of electric, cranes one'motor 
mily was used, the armature of which was coupled to the first 
motion spindle, vrhile tho crane with its various clutches and 
<4Ciiring remained as liefore. 

The more common practice now is to use three separate motors, 
though some makers still prefer to us|^||b arrangement with single 
motor. Til the latter cose the eieciifP^btor is generally shunt 
Avouiid, and a special form of friction employed; such friction 
•.•ciir should l)c capable of reversing the motion, so that tfe) motor 
sliiill always run in one direction. A very excellent gear for this 
purpose is that patented and manufactured 'by Wimshurst, Hoilick 
find (^ 0 ., London, by means of which the motor is always started 
on oj>Hn circuit (i.e. without load) and the load gradually thrown 
(III. Should the load be too great for the motor, the gear skids 
11 nd I he motor armature is thereby protect^; with this gear it if 
only necessary to provide a simple sta^ng rheosfat to start the 
motor on open circuit These shunt-’^und motors running at a 
liigh speed (in many cases 2(X)0 ^Viploldbns per minuie) makes 
the combination a cfimparativelf cl^apcrjane to produce. 

A sliuut'wonud motor itins ut'',$''pi;|(^ically constant speed at 
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all loads (no Joad to lull load), but the stnrtiuf»- tonjno or ((Ibrt 
to resolve is so^all. .In a series-wound motor, on the other hun l, 
the startingilttne is very great and the speed varies indire(;tly as 
the load. wHo shunt-wound motors, therefore, it is nocossai-v lo 
first run the'motor up to its speed on open circuit, and then 
the load gradually by friction gear as in the case already dcscrii'i d. 
"With series-wound motors’such friction gear is not nocess,ii \ 
because the starting torque.is great; but in order that the sjKvd 
at light loads may not be excessive, it is essential that such motors 
be designed for a low speed at full load. 

In three-motor cranes it is almost the universal practice to iis<- 
series-wound motors, each of which is provided with a separ.ile 
starting and reversing switch, so that eiihor of the three-moioi 
armatures can be started or reversed gepamtely or all together, as 
is often required in ordinary foundry practice. 

Fig. 241 illustrates a modern 20-ton electric three-inolor 


travelling crane recently designed and constructed by 
Vaughan & Sons, Manchester, which may be taken to reprcsi’i; 
the latest and best practice for Ibis type of crane. TIjc mot* ',-, 
here are designed to suit the crab, so that the anuaturcs an.' 
field magnets are inside the checks, while the cfmmmialovs an 1 
brush gear are outside as shown, where they are easily acce'sihlo 
for inspection and adjustment from the platform sIioavu alon:- 
one side. .' 

These motors are for the following speeds :— 


Hoisting motor . 000 revis. i>ei‘ miinito. 

Cr(>^s traveruo motor' ..SUi> „ 

Longitudinal tiaverae motor.. .. GOO „ 


The former two motors are mounted or fitted to the crab. 

In conjunction with the hoisting motor is fitted an electro¬ 
magnetic release, which is so designed that it relieves the bniko 
and renders it inoperative, sb long as the hoisting motor is in ns('. 
Should the supply of current fail, the brake comes immediatidy 
into action, and the load ie thereby held suspended and cannot 
run clown uncontrolled. 

The longitudinal traverse raofer is generally fixed on the cage 
end of cross girdera. In the cage referred to and shown in 
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Fig. 241, are placed'fee three controlling ewitches S^, Sg and 
of the yangluin, ;^tj|d Fosters’ patent liquid resisting type wiili 


reversing 


; /BCeny haWeyer ^^ fegt to the nse of liquid 

&iicm acconrit of the'^ect^Ptio action which takes place;, tuid 
also because with snch resistf^f^. it is impossible to regulate ilu; 
' speed of the motors, fiords the low speeds for which the 
motors on the Vanghiin^^ho are designed, although involving 
larger and more costly inachines, it is considered that ila 
diminished wear and tear easily compensates for the incroa^<'<l 
cost, and at the same time hy eliminating the high-spred gcai- 
wheels smoother rnnning is insured, and it is stated that tests oi 
a standard lO-ton crane of this type have shown a mechanical 
efficiency of 50 per cent, 

The following particulars * have special reference to a Vangha j 
50-ton crane, designed for a span of 50 feet. I’he head room 
occupied, i.e. the distance from the gantry raU to the neare st rcHif 
tie, is 9 feet 6 inches. The girders are douDie-web section, con¬ 
structed of thick mild steel plates, 5 feet deep at con ti c. and 
each well strengthened with 6 by 3 by ^-ineh steel T stifll ncrH. 
The crab sides are also made np of double steel plales firmly 
stayed togetho^i^ and fitted throughout with steel axles whicli run 
in gun-metal brings. , ,, 

The following Me the rates of speed obtained for tla; 

various"Op^tidinil;'"'^’^'rf^' 


-. 200 feet per minata 

' •• 100 ^ 

25 ‘ ' ’« »i 


7 

3i 



12 

21 


N 

n 

M 


", The barrels liave right tfiod left-hand grooves suitable for stc(‘l 
wire rope, in order to obtain a trueiverticBd lift (most essentiiil in 
foundry piactiee) of the load, 25 feefcrj^gh, and at vhe same tiim; 
distrib:iit^ the load e(|ually on each cross girder. Tije hook is su]) 
portj^ eh h^edened cast-steel balk .a^d plates* under the head, to 


Itehctl in (Ue * ISngiiiecriitgr Tiiacf^l^Dotolw 1890. 
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of the maximum load being revolved freely. All gear- 
\\iiecle' running at the quickest spe^.are machine cut; the large 
wIk'C'I on the main barrel is of cast, otWI. 

Tlio total weight of the crariq wi& full load is 95 tons. 

hhg. 242 shows the genOT^f ^irrangeinent C|||ia starting, 
reversing, and speed regulating switch of the metallic type, 
with wire resistances, as designed'a^d, by Messrs. 

]\Ic- A’.zlay, Clark and McLaren, electrical,'enj^heeia, Glasgow. 

starting handle H 13 is hnng on the central spindle, and fitted 
witli a strong spiral spring to insure good contact of the two gun- 
11 total bridge-pieces B C (with contact points P P and P* P‘), which 
are insnlaied from the operating handle, and so arranged that the 
brid”<;-i)ieces and projections PP on the longea: end connect the- 
outer quadrant bar O B' and any one in the row of studs on the 
sauie side, while at the saftre time the bridge-piece and projections 
1“]’' on the shorter end of the handle connects the middle bar 
B^ and the inner quadrant bar IB* on the opposite side 
uliametrically), as shown in Fig. 242. It will be seen that the 
.•-witoh i.s olT, and tlio circuit broken in two places, as indicated in 
switch diagram 0 P S, Fig, 243. If the operating handle lie moved 
ouiud in the direction of arrow A', immediately the bridge-piece 
110 (on the longer end) corner into the position B C‘, the motor 
.ir mat lire MA begins to revolve, as the circuit is now completed, 
bul with all the resistance coils II0 in series. If vro.continue to^ 
move th(' lumdle H B in the same direction A*, it will he seen that, 
UK WO come in contact with each successive stud, the resistance coils 
ii(; are gradually cut out, until the^hflindle ti B and thi outeur 
liroj.'i l.iiig joint P is in contact with tlie last of;4JjiS series B“,. 
which also acts as a stop to further moveuteht .oii^'liandie H B 
in this direction. The rc'sistanco coils BC are nowf.aJjhlcfUt out, and 
(he motor armature M A is running at Ml Bpee4, f |f| again, we 
wish to reverse the direction of fevoMion of tl^e^mature MA, 
{]i(> handle 11 B must he moved ^ck op^l^te dd^ 
indicated by the dotted arrow A*, in fbisi iwani^r resistan 
coils UC are reinserted one by lifieAnotorlm 

iM A is jiractically at rest by Iblc time H B reaches the 

intenuediate position BO, Can^ifejl idW to move the handle 
fill ill th(‘ direction of the dottedthe motor armntu'c 
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M A will begin to run in the opposite direction when the hsindle 
m B is in position B C®, Eiid the projecting point P in contact with 
the first stud B' of the opposite series, and the whole of tlio resist¬ 
ance coils represented by BC* are now in series. Continuing to 
move the hs^le H B in the tome direction A®, tlie resistance coils 
RC' are one by one cut Out until in the position BC^corro- 
sponding to contact with the last or stop stud II*® of this series, 
and the motor is again running at full speed, but now in tli<' 
opjxsite direction. To stop the motor, the handle H B is hrouglit. 
kick to the intermediate position BC, and in doing so, tlie re 
sistances RC* are reinserted one by one, so that the motion t»f 
the armature is arrested, or stopped if desired. 

Tlie actual path of the current in these two cases of revolution 
in ojiposite directions is clearly shown, in Fig. 2411, at II S imd 
LTS, and if we follow the direction oFcurrent, indicated by ih'' 
arrows drawn in full, all the way to the armature hiush B*, and 
dotted as it leaves the brush B®, until it reaclit^ the negative tei- 
minal B® of the dynamo DA, it will he seen that the ciirDut 
always flows in the same direction through the field ma;^nf.t coHh 
F M C, and that the reversal of the direction of revolution of mol or 
armature is phtaiuN^, by simply reversing tlie direction of the enr- 
rmit passing thn^^-It; this can be readily done by means of the 
BwitciI as desoribfe^.J^ti ^ ■ 

When the rc!sistauce.s BO and BC* are used for regulating the 
speed, as well as for-starting purpo-ses. tlie coils must he licavy 
enough to carry the total armature curront without undue heating, 
but c)tl?(*rwise t.he'iftrrangement is the same. 

In tbe bes^*|>ractioe an emergency or double polo main switch 
M S, controliii^ tla^ ^rrent for the three motors on the crane, as 


indicated ib Figs. ^2 and 243, is used in addition to the tlir< 
separate controlfmg switches H S. L T S, and C T S. An amuieii 
A M is also often provided to enable the attendant to see tho powi 


being absorbed. 


‘ In diagram b'igs. 242 and 243, it will be seen that cacli nmtor 
on the dl^b requires four (4) separate wire, conductors ; these con¬ 
ductors, as also the main conductor^ P M and N M on the gantry 
or longitudinal girders, are 'hare copper conductors, resting on 
])orcelain in^ktors bolted to tlie girder?. Connection is mavlo 
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w iili tlio motors and switches by means of insulated cables attaclied 
to ( (jllectiug shoes, as indicated, which shoes, as the crane truTels 
along, lift the conductors clear of the insulators. 

'J'lie necessary current may be obtained from a dynamo as indi¬ 
cated at i) A, Fig. either on the; premises, driven by a steam 
engine or other prime mover, or, when, the pjemises are situated 
w 11 hill the area of a supply company's mains,, fee current may be 
oliiaiiied from this source. 

In general, if electricity can be used all day fot purposes of 
power or lighting, apart from the cranes, it will he more economical 
to .in'iierate the current on the premises. If, however, the cranes 
h(.‘ the only electrical equipment, it will he better policy to get the 
curr'.-ut from the supply company’s mains. 

The efiiciencios ol the various elemi'nts in an electric .system for 
tninsmissiou of power, as applied to a three-motor overhead travel¬ 
ling eraiio such us that described, are stated approximatr-ly in the 
outside column to the lelt of the following table. The comltinod 
. nieic'ucies of the progressive coiiihiiiations of these elements are 
.'iKo ealculabnl and slated as follows: showing that after including 
th'.‘ friction, Ac., of the crab gearing, the efficiency of the entire 
system is 50'07 per cent.. 


Avork done in raising a load 
imliealed liorse-pOAver of steam engine 


50-07 

iob-uo* 


prr i-rnt. 

K !wii rti'iiiio iii(]i'Mt( il hor»c-pt)W('r (Jl.r.) 10*0^ 

l.iatc „ (I-t.ll.P.) yi) 

Kilu'ici.fy of il\iiunio D A.91 .. j 

„ C'liuluclovM P M, N M, vV,. 96 .. 

„ cl' clric inon)r M A (B.ll.P.) .. 85 .. ■, 


aiiiJ cral) winoh ycariiijj 


0(n 

96 .. .. ..L'®. 

85 .. .. .* 4;. } p 

75,«ay .. .; ..... .. 


if \ 

Fig. 24-1 represents two different .kinds of doUbl& hooks, the 
:t(lopl ion of cither of which is of considerable advantage by enabling 
:i moulding 1 k)x, ladlfe of metal, or any other heavy loads, to he 
Iniii'^ferred conveniently from one crane to ..another without tho 
necessity otherwise Of lowering the job on the floor, and a corre¬ 
sponding amount of time lost. The double hook'to the left marked 
A is ilio form most commonly adopted, because it is the oldest and 
b("^l. knoAvn. Tho hook and double-eye arriingemont to the right 
marked 11, howeyer, is considered, ^ those who,have tried it, to bo 
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oven tn%fi couvsBu^ntj. , lu tins latter ariangemcnt tlie douLlc hook 
at top cud is replaced by two eyes or shackles, each of whicli is 
mounted on separate pins P P\ so that they fall over when dis¬ 
engaged, and Temain in a horizontal position by mfans of a slo))iu;r 
piece E, formed on one eye of each at opp^te sides as Bho\Yii. 



Fio.,214. 

By thif;'means the eyes are always in the best position to rcctiive 
the hoo^ of the adjacent crane when the latter is brought nt'ar lo 
it, as shown t^t C dented. "When tdie dotted hook C is raisctl, it 
leadily englig^B with the eye G, and when it has risen high enoii;;ii 
to take thi^main, the opposite eye F slackens, and begins to IhJl, 
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until it also has reached a horizontal position, where it is held hy 
tlie j>a\vl-piece on the other side ^not seen here). I’he raising of 
the load, which now hangs oh i^ eye Gr to the right, and dotted 
liook 0. if continued will ultimately disengage tlie eye F from iho 
liook at present in position, which isji/ (tf eoia:se^ the desired objccti 
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I’^ig. 245 shows two sections^ and the general arrangement, of 
sling chain gear, in order to illustrate the application of a very 
ingenious and handy form of chain clutch.patented and introduced 
hy Messrs. Herbert, liforris and Basterts, London, the object of 
which is to enable the ^ain; sling to he readily lengthened or 
sliofteiicd, if necessary, by one lin^ of the chain or more, until the 
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chtiiii sliug becomes doubled, and therefore half its original Iciiglb. 
The advantage of this is obvious, especially in foundry practice, as 
it enables each leg of the box part slings to be readily adjushxl, so 
that the, box may be raised in a perfectly level, or other desired, 
position. By the special form of hook shown, the grip becomes 
tighter the heavier, ^ load, so that it is impossible to dislodge it. 
while on the <»th^^^,’4Kh®co33aes easily unhitched irainediately 
the load is off.'''clutches are made of toughened crucible 
steel, aridj^ested to 50 perioeiit. beyond the Admiralty proof strain 
for the heaviest cliaitt of clutch will admit. 
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CHAPTER XXIIL 

CAST STEEL. 

^’iiE ilefailed consideration of tho various processes employed in 
the nuinnfaeturo of steel would be a digression from our subject, 
and the present chapter, therefore, deals chiefly with that mode in 
Avhich castiui; steel from the crucible is employed. In treating the 
subject of steel at large, Mr, W. E. Hackney, in a recent paper 
j-cad beU)ro the Institution of Civil Engineers, gave a remarkably 
<‘l('ar account of tho manufacture of crucible cast steel; to this 
jiiipcr w'e are larg(dy iudebted for our information. 

Tlie fu.sioii of the materials in crucibles is the simplest and 
>'!dost firm of making steel, and has been practised by the Hindoos 
liiaii a very remote period. In the Hindoo process, a small 
(juaniity of wrought iron, from J lb. to 2 lbs., either in one lump 
or cut into pieces, is put into a crucible of unbaked clay, together 
with one-tenth of its weight of dried mould, the whole btung 
covered Avith one or two green leaves and luted over. From 
Imirteeu to twenty-four of those small crucibles are stacked to- 
uollior, wlien the luting is dry, in the form of a dome or beehive, 
.iji opening being arranged by withdrawing one crucible irom the 
Jo\vt;st jow, to form a liring hole. Fire is lighted inside the dome 
crucibles, and the inside space is filled with charcoal, whicli is 
also h(?aped over tho top. 1'he fire is urged by bellows, the blast 
bcjiig introduced into the fireplace by a clay pipe, and in from two 
and a. lialf to four Iioiirs the op(.'ration is completed. A new arch 
of crucibles is then constructed, and the process goes on night 
au<l day. , * 

The resulting steel, termed “ woolz,” is obtained, on bn^aking 
op(iu tho crucibles, in the form of melted cakes, moulded lo the 
^]uv,}ie of tho pots. These cakes are reheated for several hours t<') 
a ic'nip(‘raturc just below their fusing point; they are then allowed 
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to cool down', and 1ii||;dftiwn out at a very low red heat, as iho 
metal craclssor cruraT^^ to pieces under the hammer if an attcinpi 
is made to jforge it at a higher temperature. A forged bar ot 
wootz, analysed by Mr. Henry, contained— 

Oembmcd carbon .. .. .. 1*333 por cent. 

Unoombmed carbon.0*312 „ 

Total tt am .. 1*G15 ff 

or nearly the maximum quantity that is found in any metal lliat 
can Ik) classed as steel. The object of making wootz with so high 
a percentage of carbon appears to be to render it more fusible, so 
that it may melt at the very moderate, temperature that can he 
maintained in the rude little furnace just described ; the fnsihilify 
of compounds of iron and carbon increasing regularly as the per- 
cenlago of carbon becomes greater. Indeed, ns Heath has siig 
gested, it is probably found necessary, in order to ensure the fusion 
of the metal, to employ a larger dose of carbon than suflie.<‘s io 
form the hardest steel, and the excess is siihseijnetitly reiuove i 
before hammering by the prolonged exposure of the cakes <if metal 
to the flame. 

Ji does not appear that* any mode of producing a true sir-fd, 
that is a melted forgeable variety or alloy of iron, was known in 
Hnrope before the last century. 

lioaumur, in 1722, published the fact that he had bc'cii very 
successful in making steel by melting together from a quarler t«> 
a third of malleable iron with cast iron in a common forg-^'. Such 
a mixture would produce a higlily carbiiretted and comiiarativelv 
fusible metal, much like wootz; and indeed it is only within the 
present cmitnry that the improvements in crucibles and in furnaces 
h:i7e rendered it possible to manufacture a really mild Bt{^el. No 
practical use seems to have been made of K^aumur’s obscrvalioji; 
but Hutftsumn, a clockmaker of Doncaster, commenced, between 
1750-70, what appear to have been a totally independent series 
of experiments, which resulted in the successful .production of cast 
steel. Huntsman’s object was, it is said, to obtain a more reliable 
material for clock springs than the shear steel, cr highly car- 
hni'ott(Hl “ converted ” malleable iron then used. The process Ik' 
employed was that of simple fusion of converted bar iron of the 
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roipiircJ (Ie;.^ree of hardness, a process that still holds its place, for 
tlui production of the highest qualities of tool steel.* 

From the time of Huntsman tlie principal improvements in the 
cnicihle processes of steel making have been that a small proportion 
of mauganesel in one form or another, is generallji^added to tlio 
metal, the effect of which will be considered farther on ; that the 
size of the pots has been increased ; that two, and sometimes four, 
are luxated in each furnace, instead of only one, and in many works 
the ri-'generative gas furnace is now in use for melting, in place of 
th(', pot-holo fired with coke; that very much milder, less fusible 
metal is now often melted; and that, as the knowledge of the 
cliomistry of the subject 1^ advanced, every possible mode of 
making steel in crucibles h®, at one time or another, been either 
tried as an experiment or worked on a commercial scale. 

d’hiis the direct melting of converted malleable iron of the 
required degree of hardness,^as the process of Huntsman, and is 
that still used at Bheftield for making best tool steel; and, accord¬ 
ing to Forcy, highly carburetted puddled iron, or “ puddled steel,” 
has also been used lar;:ely as a material for direct smelting by 
Krupp, as well as by several Sheffield firms. 

The plan of melting soft malleable iron with carbon is the old 
Hindoo process; a modification of it, the production of steel of 
difibront degrees of hardness by varying the proportion of carbon, 
was patcuted by David Mtuhet in 1800; and, in modern practice, 
if tlie metal charged into the pot is a little too low in carbon 
to make steel of the temper required, nothing is mora^.common 
than to add a small quantity of charcoal. 

'JTic fusion of re<luced spongy iron with charcoal or other car- 
Imrettiiig agents is the well-known Chenot process, a system of 
manufacture from which much was expected when it was first 
brought forward, about forty years ago, but wjncji does m»t 
appciar to have proved a commercial success; thouj^, from a note, 
in the ‘Journal of the Iron and Steel Institute’ for 1872 it 
would seem that in 1871 it was still in use both at Clicliy, near 
J’aris, and in Spain. The cost of labour in the Chenot process 
is high; the consumption of fuel in reducing the ore to nu tallic 
sponge is considerable; the reduction h never uniform and c(tm- 
]jktc; and the final operation of fusion in crucibles is expensive. 
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M the sponge, though strongly compressed into little cylindrical 
blocks before is charged into the pots, is, weight for weiglit, 
more bulky than cut-up pieces of compact iron; so tljoi tin- 
weight'of metal got out of each pot is much less than in melling 
solid iron, whjSb the cost of fuel, and nearly all working expenses, 
are equally great. 

The fusion of malleable iron with cast iron is the old 'process 
described by Edaumur more than 160 years ago: since tlic'n it lias 
been frequently employed, and at the present time it is of all tije 
pot-steel processes perhaps the most largely used, especially iii 
making the milder qualities of steel, for tires, axles, springs, or 
wire. Puddled iron of good quality, or mild Bessemer steel scrii]», 
is the material generally melted ; an^manganiferons pig iron, or 
sjiiegeleisen, is the variety of cast iron preferred, as this adds at 
once carbon and manganese. 

Hard malleable iron, or scrap stC^l, too highly carbiiretti'd io 
produce by itself the variety of steel to bo made, is fro(jueiitly 
melted with the admixture of a small ])roportion of oxide of iron 
or of manganese, in order to remove part of the carbon fruin llie 
metal, and also, in the case of oxide of manganese, to ]nit man¬ 
ganese into it; or if manganese is to be put in, without alt<‘riiig 
the hardness of the metal, oxide of manganese is added, vvitli a 
sufl&cicnt proportion of spiegeleisen or of charcoal to reduce it to 
metal, without abstracting carbon fronifthe steel. 

The fusion together in crucibles of granulated cast iron and 
iron oxidp or iron ore is the well-known Ucha^us process, which, 
according to Percy, was, in 1862, in successful practice in 8wed('n. 

The plan of making steel by melting down together ore amt 
carbon at one operation, was patented by Lucas in 1791, by J )avid 
Musliet in 1800, and again by Hawkins in 1836, and it has often, 
by way of experiment, been tried since. Very good steel for chisels 
and otlrer tools may occasionally be made in this way, but the 
hardness of the metal is uncertain, and the plan has, even to a 
'greater extent than that of Chenot, the disadvantage that the 
material is very bulky compared with the weight of steel it yields; 
so that only a small quantity of metal can be got out of each ])ofc. 

Example, Fig. 246, shows one of the early furnaces now umvI 
for melting steel in crucibles, in which coke was the fuel used. 
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Il'J'i FOUNmNa AND CASTING. 

lOacli bole or furnace is a sim])lo rcclangiikr cliaiubcr, communic.'it- 
ing near the top with a large main Hue, which is common to a 
row of fnmaces. The tops of the furnaces are on a level witli 
the floor of the melting shop, and the grates are accessible bom 
the cave below. Each furnace is covered by a square lire-t-il(', or 
quarry, flxed in a wronght-iron frame, from which a handle pi < •- 
jccts in front. The furnaces are lined with ground gaaisier, a 
variety of millstone grit that is found near Sheffield, and is of 
great value as a fire-resisting material. When the furnace is to 
be relincd, a wooden mould is put into it, and the ground materi.il 
rammed round. 

• The pots almost invariably used are of fire-clay, mixiid with 
a little coke-dust, and sometimes also with a little burnt clay, oM 
ground pots, to make the mass more porous, and thus diiuinisli the 
risk of cracking. The mode of making and annealing the pots is 
described in the chapter on crucibles. The pots vary mneh in 
size: thus, some bold a charge of only 28 lbs., and others Irom 
40 lbs. to 46 lbs. The present tendency is towards the use of 
large pots, holding 55 lbs. to 70 lbs. for the first charge*, and 5 li s. 
to 10 lbs. less each time they are refilled, in order that the flux-liiu-, 
the level of the surface of the liquid steel, where the chief corr* i- 
sion of the pot takes place, may not come twice at the same 
height. When pots of plumbago or black-lead ware are used, they 
are frequently made to liold 75 lbs. Clay pots stand from two to 
four rounds, depending on the fusibility of the steel melted, and 
black-lead pots about twice as many. Black-lead pots are, however, 
seldom used, except in melting the very mildest qualities of sb'el, 
such as the boiler-plate metal, for which Pittsburgh has acquired a 
deserved celebrity; steel so refractory that the best clay pots will 
soften and burst at a heat little greater than that required to render 
the steel liquid. 

Three charges or rounds are melted in twelve hours, and gene¬ 
rally the melting is carried on by day only, as’ the wear of tlie 
furnaces is much increased by working them day and night. Tlie 
consumption of coke is from 2f to 3^ tons per ton of steel melied, 
equivalent to from 4 to 5 tons of coal 

The preparations for melting the steel are conimencod by mad in g 
a coal fire upon the gra|e adjoining the annealing grnto. '11 m 
annealing grate must be large enough, to hold^twice as many pots 
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IhcTC arc nieltiijg holes in the furnace. *]f that nuiuhor bo lea 
twenty i)ot9 are put inverted upon tlie annealing grate, and the hie 
put down the spaces between them, which are then to be filled up, 
eo as to cover the pot with the small coke riddled from among the 
coho used for melting, and upon these again the pot-lids are laid. 
This is done in order to have the pots g|^tly heated to a red 
ready for using. Each pot requires a stand and a lid. In 
ioi ni, tlie stand is the frustum of a cone about 3 inches hig^i; 
cud »s upon the base of the stand the pot is to rest, they should 
corres[)oud in size. Tlio stand is made of common fire-cLiy, 
lint the lid of clay the same as the pot; it should he a little 
liirg.T in diameter, fiat on the under side, and a little convex on 
the upper. Each furnace has two sJands jilaced in the proper 
position upon the gr^-bars; and upon the stands two pots, 
eov< r(’fi with their lids,|R^m the annealing grate. Some fire, with 
!i little coal, and soon after some coke, are put on, and when this has 
huriii up, Kutiicient coke to cover the ])ots; when the furnace and 
jiots are at a white heat, the steel may he put in. The steel, having 
hocii broken and selected for the intended purpose, weighing say 

Ihs. for each pot, is put into pans of iron or upon steel plates. 
To eliargo a pot, the lid is taken ofi', and the lower end of a conical- 
shajied charger placed o*r the pot. down which the steel is gently 
slid. I^he lid is then replaced, and the other i)ot being charged 
ill the same manner, tlie furnace is filled with coke, and covered. 
Aflerwai’ds more coke is added, the quantity being determined by 
tiu; exjH'rionce of the steel maker. 

Four hours will finish the heat, when a man removes the 
crucible, by means of hasket-tongs, from the fire, and puts it on 
tiio floor. Another workman takes the pot and pours the metal 
I:d,o the mould. Meanwhile the furnace is cleared of clinkers and 
inadu r^'ady to receive the hot petT when emptied into the mould. 

' I he SiemeuB^tutSace is also largely used in the production 
of cast steel; the following description of the cast-stcel works 
at Eibiswald, in Sw'eden, will serve to illustrate the mode of 
working:— 

O I 

At these works the production of crucible cast steel is carrii-d 
ou in regenerative gas fuimaces on Siemens’ principle. Tbe fuels 
used me brown coal and peat, the consumption being at the rate ot 
”2 [, ewt. pt‘i- cwt. of steel melted in tii(3 newer fitriiaces, or 3 , cvvt. for 
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those of the older construction. The former, 6 feet long and 3 feet 
broad, are adapted for twelve or fourteen melting pots, while Ujo 
latter have a capacity of only nioe. The gas generators arc of 
the usual plan of those adopted in Styria, with steep grates and a 
plain grate at tlie bottom, and are worked with a blast under the 
grate. The regeneratojes, placed at right angles to the axis of thr 
furnace, are of largo capacity. • 

'‘Fig. 247 shows the general arrangement and construction of 
an ordinary regenerative crucible furnace of the Siemens prineijdc 
by means of which the heat in the products of combustion (othn- 
wiso wasted) is caught up by passing tiiese hot products through 
suitable chambers filled with chequered firebrick, in the manner 
indicated, until the said brickwork becomes highly heated, and un¬ 
able to absorb more heat. During this psop ess in the two right- 
hand chambers shown, the inlet gas andwISr, previous to moehiig 
each other and entering the melting chamber M C, are directed 
through the previously heated chequered brickwork in the two 
left-hand chambers, so that they become highly heated previous 
to the process of combustion. By thus regenerating otherwise 
wasted heat, and increasing the initial temperature of the gas and 
air, not only is there a great saving of fu^ but also what is of iJio 
greatest importance, the temperature of c^bustion is correspond¬ 
ingly raised, and when continued sufficiently the highest tem¬ 
peratures required for the production of mild steel arc attaimihle. 
In order to maintain a continuous process of previously heating the 
gas and air, also alternate heating and cooling of the chequered 
brickwo^ as described, the four chaml)ers have separate flu(!s 
A,B, C and D shown in the figure, each pair of which (to tlu! 
right or left hand) alternately communicate and direct the cooled 
products of combustion to the chimney while the other two direct 
the inlet gas and air from their respective mains G and A tlirou^'h 
the separate chambers by means of the reversing gas and airvalvcs 
G Y and A V as shown. The alternate directions of the flow of 
gas and air for combustion, and the subsequent products of com¬ 
bustion are clearly indicated by arrows and also the politions of 
valves G V and A Y shown in full and dotted lines, and need no 
further explanation here. 

Tlio materials used for steel making are forge or cement slid 
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ore and scrap, wrought iron and steel, which are charged into the 
crucibh^s, and brought to a full red heat in a tempering furnace, 
hel(>ro being introduced into the melting furnace proper. The 
actual time required for fusioii is abont four hours. 



Fio. m. 


le ||rnace8 are lined with quartz brielcs #st with quicklime 
e nre-bridges with hricks made of a mixtire of five parts of 


The 

and the life-bridges with hricks made of a mixture of five parts 
iiiiigiuisito from Lcoben and one of <|ui(dcUme burnt in round kilns 
with peat or brown coal ;■ 1 

Crucibles of local mannfaicthrei/fljidfi"!^ graphite and 

2*1 
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oue of fire-clay are used, as, although they stand only one, or at 
most tii90 meltingS) as compared with six or seven in those of 
Engl^i mhke^ the difference of cost is sometimes too considerable 
to allow the{latt(^ to be used re^krly. The crdcihles arc moulih^d 
by hand and dri^ in chambers h^ied to between 77° and 104° 
Fahr., from twenty-five to thirty days being required for complete 
drying. ^ . 

The steel is classified, according to hardness and percentage 
of carbon, into the following seven numbers:— 

No. 1.—1*8 to 1*5 per oeni of oaibon, is the hardest clase of steel, aod 
one for which there itl bidy an extremely restricted doinund. 

„ 2.—1*5 to 1 *3 .per cent, of CBrb(;^;tued for edge-tools, chisels, &c. 

„ 8.—'1*8 to 1'1 per cent of oarhoniia^ for similar purposes to No. 2, 
os well as for Ales end sword-blades. 

„ 4.—per cent of carbon,% a tool steeL^w^ 

„ 5.—0*9 per cent, of carbon is used for fi^r kinds of springs. 

„ 6.—0'8 per cent of carbon is used for coach and bulfer springs. 

„ 7.—0*7 to 0*4 per cent of carbon is applied for geneml pnr]>osos, 
such as axles, plates, and agricultural implements. 


The fcrge-steel scrap and other materials entering into charges 
are all broken into pieces of two or three cubic inches, and sorte d 
according to fracture into the different degrees of linrdness, tlie 
quality being accurately determined hjf uie calorimetric car' on 
applied from time to time. The room in which the selt*etiou tfilo^s 
place is provided with five bins for forge steel, five for the better 
classes of steel waste, and two for plate waste and spicgcleisen. 'J’lio 
mixtnres, which are carefully weighed out into boxes of the cajiacity 
of a single crucible ^arge, are as follows:— 


For No. l.o-'lbst oast-stoed waste, sometimes with an addition of wolfmin 
and barbonA(^Ms matter., 

„ 2.-^20 Ihs. tbige steel (Nos. 1 and 2), 2Mbs. best steel waste (Nos. 2 

and 8), 2 lbs, b^t Yordenbi^rg spiegeleisen, 

„ S.—20ll>s. forge..Bt^r(No. ^), 22-lb4. steel waste (Nos. 3 and. -I), 

. 2 lbs. of spiegeleisen. 

.. ,,,. 4.---'20 lbs. cement, stod (Nos. 2 an43)».^ lbs. steel j#6te (Nos. :t 
' and i !b,,of splegdeisoh. * 

n . '5.—20 lbs. of steel'Wa^to (^os.'4 and 5), 20 lbs, {S|||flK'd 
, . 10 lbs. spiogdeisen. * 

■ ; 8.~20 lb>i. steel wa(Mb ifNdi,' 5' tod,7), 20 lbs. of puddled steel, 

‘ 10 lbs. d white Yq^Ubeig'^ 

' 1^ ^bs* whii.‘ p g 

. g . ■■ iron. ' ■ ' g.g' ' 
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'rhe average loss in melting is from 1 to 2 per cent, of tlio 
wciglit cLaigeJ. The hardness is determined by a forge test at 
each cast, and the correspondiirg nnigl^rB are stamped on the 
ingots. ■ 

The furnace, when newly lined* can be w^prked for a hundred 
Tnoltings, durinsr which period the Wviwr an^ fire-bridges must be 
tr«•(Ilu‘11 i*ly repaired. ‘ 't ‘ 

ro cmimnsv . ' 



Fig. 24B. 


Tn foundries where large and heavy steel castinjgi are priJ^dnced, 
Dili steel is usually made in an open-hearth leyer^ra^ty fUi-nace 
wilh the Siemens ipgenerative systemjt tt^tetp'A described 
Idr the crucible furnace, shown in 248, however, 

illustrates an open-hearidi Tpg^eratiye a capacity 

of tliree tons, invented jljoudon, 

Im- which it is claim^ that stieh high 'tern- 
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peratnreB as, are ^nired for melting very low carbon stool, and 
even to tlie extent of melting down the silicioiis structure of thr: 
iuinace without t^ ueual gas-heating chambers, shown in Fig. 247, 
, which, at^ delete this new furnace. By eliminating theses two 
chambers the disadvantages and bss by leakage due to the direct 
C4)nnection between the gas Reversal valve G V and the cliimiioy, 
bs indicated in Fig. 247. In the arrangement of the*Tiiwaile 
furnace, eVen should any leakage take place, it must pass into the 
furnace, and is therefore not wasted as by the usual arrange¬ 
ments of gas and air regeneratore shown in Fig. 247, by which 
any leakage of gas passes direct to the chimney and is tlnis 
wasted. It is also claimed that thermal loss duo to the 

decomposition of the hydrocarbon and the resultant dejiosit 
of carbon on the chequer bridk is obviated by Thwaito's method. 
Perfect combustion is also obtained at the space S over the molting 
or heating-hearth by intimately mixing the hoatod air wdth tht) 
gas in the chambers A and B (alternately) provided for that 
purpose. The air, by this system, is introduced under a slight 
pressure by means of a fan or blower, so that tlio whole of tiio 
surfaces exposed in the. heating chambers 110* and IIare 
utilised; during combustion air oxidising iiilliieiice is also e.'-lah- 
lislied thereby at the surface of the metal on the moltiiig-lioarih. 

By this arrangement of two regenerative cliambers for lioaiing 
air only, the direction of the flow of iucomijig air from tli(> hlowors, 
and the outward flow of the products of. combustion, as indicated 
by full |ad dotted line, arrows A and A', is controlled by a singhi 
valve A V as ^mparM, with the two valves G V and A V in the 
older system in which^both the. gas and the air are heated. In 
Fig. 248 the vejrticil;. .gate ^ain connecting*]upo at eacli side* is 
fitted with a simple s^l'mushroom valve with suihible hand- 
lever, ducts and chain connections to the reversing valve A V in 
order to insure that the different valves may he operated togethe r 
and at the proper time. j' 

Having described the cohstnjclion and general arrangement of 
the Thwaite open-hearth i||^l it will now be interesting 

to follbw tltoIllness and steel therein, and also tic; 

pn^grossiyb of the Ix^inning or charging of 
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tlio furnace until the completion of the process of conversion into 
linished steel, as indicated in Fi^. ,249 and 25p^Fig. 249 shows 

in graphic form thd^tive quantities 
of tho different ml^ials composing 
the chgo^e^ from-which ij^ will be ob¬ 
served that fully one half or 62'95 per 
ceui of the change is in the form of 
. hematite pig, and about on^fdurth or 
23 per cent, as steel scra^. In addi- 
,;;!;t^on to this and the chrome scrap, d’o. 
" shown on Fig. 249, it will be ol^rved 
Fig. 250 that hematite ore is also 
id from time to time during the 
progressive stages of the pi occss, be¬ 
ginning with 3*6 per cent, after two 
hours, when the charge is just melted. 

On the vertical ordinate, Fig. 260, 
nearest the left-hand scale is repre¬ 
sented the proportions of tho .^rious 
< l(Maents present in the charge, which are, approximately, as 
follows:— 

CoMPosinoN or Cuargu. 




3 83 


Fig. 249 . 


CnrhoTi (graphitic anil cojubitied) 


2-9 per cent. 

Silicon . 

• • 5SS 

JO „ 

Chroiuiiitn .. .. 

«■ ss 

10 „ 

M iiii;anese . 

•• 

;5 „ 

Sulphur . 

»p fc- 

•<)8 « 

Phosphorus. 

•« • sc 

•05 „ 



5*^ V 


Iron is thorefcie 100 — S*63 ss 94'4:7 peTcent. 

In the finished steel produced, each of these elemehts 
(1u(‘('d or eliminated, as indicated in the following, and also s^^lpn 
in Fig. 250:— ' '‘ ' ' 

FiVISHM> StEKL PKoDt'CEnj'„ 

Oi>r1ion. ^ iC'^lSpi^.oent. 

t^ilicnn. .. =s 

(Jhroinhim .. - .. .. ' s: 0*21 

Miingauese .. 's* 0*53 


, >* 
» 




o*Rn .. 

Iron present is therefore' lOO.-?- 5*’- '.'** 90*11 j^er oent. 










(130 


IfOUNDlNQ AND CASTING. 


The process - from beguming to the end is represdiited in 
JFig: oA air hoTirs, the first two of whidi wore 

; along with, a cerhiin amount of reduction 

ht<|whon elemeh^^ the drop in the 

'' th^ end of ; |h# melting pl^ss. The remaining 

: 'jCc^lliDthBj^^o the greater. part of the time, it will bo hooii, is 
cdnirersi(aior redoctionof the elements referred to, 
ki^jpppre^bsd'ee taking place rapidly at the beginning, and 
siowlif the end of ;^e process, that is, wln n the 

''^^bon;,and qthm :el^^nt8 ,have, h^^^^^uced so that they • xisl 
only in the compmtivdy small pro^^ilia already referred to and 
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in the diagrafe 250, which also, shows that gnli)lnir, 

. i^Pp^ms at^„manfanese have been entirely eliminated. 

eM‘bf the |a:oeess the desired peramtiige (»r 


.man^fi^ ih the 


is obtained by adding it in 11 lo 


form of .ferro-manganese in the diagram. 

ThCipWgwss of the pp^iatiph^ .it MU ^ osccrtniiiful 

from tiam ^ to the bath of metal in 
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tost which indicates the general charact^ as regards hardness and 
hriitlcness, or its being soft and Itmgb. The samples maj ^so be 


analysed afterwards in' order 
given in Fig. 250, which is 
AViiuler and ilruutoni 



rmation as lhat 


t-of-.^atysis by Messrs. 
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CHAPTIB XXIV. 

BBABS i^DMDBlI'. 


A BBA8S of moderate sme 6i|||||p'operly designed bIiohL] 

consist of tne Mloi^viDg separate shops 


Offices. r';" 

Warehouse. . , 

Pattern shop and itora 

Moulding shop. 

CSasting shop. 


Dressing room. 

Fiiushiug shop. 

Dipping anil colouring room. 
Lacquering room. 


The warehouse shonld be connected to a commodious store¬ 
room, with space for keeping packing-cases, and similar work. 'I’iio 
pattern shop and pattern store should be adjacent, if they arc dis¬ 
tinct, and should be accessible from the warehouse. The piitl.iTu 
store should he lit from the roof, and have plenty of uall s])aee 
provided with convenient shelves^jj-the pattern-making shup 
a side light is desirable, as the mm^ph then better see their work, 
bench marks, hne lines, and so on/ ‘ 

It is very usual for the moulding and casting shop to bo all in 
one/ ^hia does tolerably well where only small work is on hand ; 
but where as many;as a dozen moulders are employed, it will 
generally be found advahj^geous to separate the shops, in \vhich 
case the floors should npt be on the same level; the casting slio|> 
^igll^ould be 2 or .3 feet above that of the moulding shop. I>y 
t||||p^aagemeut the men are .^hled to move the flasks from the 
Iw^es to the floor of tho casting shop without stooping. I’lic 
moulders pass the flasks into the casting shop, through opening.s 
in th® partitions which divide the Iwo^^ps. The moulding shop 
shQtild therefore be narrow, so',ad/to;give the men but a short 
distani^^ to carry the flasks, benches tp the casting sho[> 

floor. There should be ampls||^>%it' should come from overlicud, 
and over the benches if pp^aji]b1^r;/^^seBte:.geni>i’ally p along 
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tlic whole length of the shop, or they way be arranged at right 
angles to the wall. being p’aced back to back. 

The sand heap liould be centi^ly pkc^ in the shop, with a 
shoot from the ontside. \ ■ 

The drying stove and ,cdr6 :il|pothe monlding shop. 

- - - . ^ -r to jvwV ^ , ‘v* J A'!; « 


Tl]( so are either heated by 


stem jackets, the 


latt(T pkn being much the- risore cl€«mly>M cbnyenieut. There 
siioiilil bo a water tap and mk in this sliop* ‘ 

nlding 


'riic casting shop sho^^d be Of the same Jepgth^^; 
shop, the farnaces .beiil^JssrrRnged dh the’ppposile-iiPr 'to the 
monlding shop. 'Ihia^lPp must bo weir ventilated; it should 
have openings at the .flofi®-, level, and also in the roof, so as to 
keep up a ci||1%at. of air, ' 

Stoics fJfijoke and for ashe^ mnst be provided, and near the 
sjiol whore the boxes are poured. There should bo gratings over 
^\hl(*h tlie boxes are to be emptied, the sand going back to ■*he 
moulding shop by an inclined plane.. ,, 

The dressing room fnust be next tb the casting shop, so that 
all cii-'-ting'^ can be quickly passed in, weighed, cleaned, and dressed 
hf'lort! i'l'ing sdit to the wareliouso, which should also ho near by. 
A h( iK‘h; a few vices, and small tools are all that is required in 


the Jn ssing room. 

Tlie tinishing- shop should be a large, Well-lit and well-venti- 
laied room adjoining the dipping and colouring rooms These 
liiilcr must he well supplied with water and sinks, and tlie notih 
lii:ht is considered moat suitable for them. 

The l!icc[uering room must have openings into the finishing 
shop, and into the warehouse if possible, Jt must be kept quite 
free from smoke and dust, be weU ventilated, ami have a north light. 

IMiKlclling and pattern making are both used for brass .work, 
and . although these are distinct hrauches of trade from foti^^|||ig, 
wiioio work is systematically performed, yet in small cbtihtry 
towns there are many workshops where it is of great importance 
that the same man should be able to execute wmrk and understand 
the general principles both of modelling and pattern making, as 
well as of brass fonndihg, ' \ " 

The materials commonly modelling ore pipeclay 

and stucco. The former k 'ia protracted nature, 
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the latter for straight, flat. mpdels, which caa. be finished ofi' at 
once. Pipeday^ .wliicfeB'decQiapos^ fetep^,#^ade into a putty 
with water or gl^^E«6rii^,^,the jg^cCriae prevents its getting hard 
for a . 

Almost' the q|d^ are made of 1 k)x- 

wood, ^with varioTiiflt'‘is|^|^vl0^P^^SB.,hiiidles are about six 
inches; t^ th^ others 

a potter’s wheel, is 

also - ■ 

A few nicely ,of are required. On 

these boards an ontUne'hi otE# work is drawn, the clay 

being placed thOTeoniapd modell^! J.; -:!' ■ 

.1 Clay is mhdeiled;; with the hfa)^ and wood tools, mostly by 
pressure. The^lky adheres to wood, or the turning table, whciii 
slightly moisteni^, end requires no other fixing. 

Models, made either in clay or wood, and which are intended 
for immediate use, require to' be made larger than the size given, 
by J inch to every foot.. Brass castings, under 12 inches in t>ize, 
shrink about ^ inch to a foot in the mould. Large castings shrink 
about inoh, For this purpose it is best to construct a measure 
or rule properlf^ divided, lo as to save time and calculation. 

Should it be.required, however, to make a metal pattern from 
the day or wood; then the shrinkage will be double, and the model 
will require to be made inch larger per foot every way, a second 
measure- rule being required. The real shrinkage is only 
but the other ^^th is allowed for finishing. Patterns exactly 
rectangular da nott. draw well from the sand; hence all patterns 
should he made'with; a/tuper of at least J inch to every foot. 
Sharp internal angles-jho^ be avoided, as they leave an arris on 
thdp|d, which requiiee mending.; ; 

It is often necessary. In model making., to take impressions uiid 
casts from existing works which fceh»bt be , cut up. In such a 
case an impression can be iaken from It in guttapercha. To soften 
the guttapejnshe, either wari^ It. iui fippt of a fire, or place it in 
hot mt^, aqd-kpead it with of a uniform 

degree of pliahOity. ^^er place it in cold 

water, otherwi^ . COoIing. 
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Stucco is also used for this purpose, or a mixture consisting of 
four parts black resin, one part yellow wax^ 

For complicated p^ttern^ or, :wl?>ere cores ^ required, melt 
twelve parts glue, to which add 

To prevent wood patterns frqni'a]^cifliK.moisture they should 
Ix' varnished or painted ; before use the^^l^ld be polished with 
h1:ick-ioad, as that makes them draw uom the sand much more 
IVcciy. ^ ^'v . ; 

Mouldings, and the lik6, can be^ modelled Sn long 

leiigtiis, by sweeping tl^ up in stucco^.^or other material, by 
uiciins of a board cut to. the required p^Bile, as is done in loam 
moulding. 

A moulding tub is employed/or small brass work; it must be 
v.'i y >trong, constructed of wood, pi^ded with sliding bars, and a 
number of 1-inch boards with cross-ends the size of the moulding 

'The moulding boxes are similar to those already described, bnt 
usually smaller (see Fig. 104, p.S16); wooden cramps, fastened by 
screws and nuts, being made to clasp these bo^es lengthwise. In 
!arg(' ho.xes cross-bars are sometimes cast across them, or the bars 
may be of wrought iron cast in. ■ 

The details of pattern making, moulding, gates, runners, and 
otlair Ibundi-y details, have t^feady been so fully described for iron, 
ihat it will be unnecessary to do more than brieily^i^otice each 
pion-3- in the brats foundry, except where any matenal difference 

exists. o 

Oi'ilinary plain work is arranged according to circumstances 
Hi the llask. When only one or two castings are requirlSi from a 
paih'iii, the pattern is rapped into the dask, that is, the top. part 
bL iiig rammed up, a portion of the sand is removed and the pattern 
inserted, or “ rapped in.” After sprinkling on some parting tod, 
the iliiig is placed on, and facing sand siey^ in^.after which the 
on Hilary saud is rammed in till the ffask is'full .; , then the flasks, 
top aud drag, are turned over so that t^ drag is lowest, when the 
top ])art is taken off and emptied, face of the drag cleaned 
again, and dusted with parting .fiifli^'fchis, the top part is 
put. on, and filled and rammet^®!^ i^ng and ordinary sand, 
as was done above. Tlje tog, removed, uuJ the 
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patterofl ^i&drawn* In the process of parting the box and with¬ 
drawing the patterns it often occurs that part of the sand is torn 
away, which.% ^consequence requires to Jje mended. This prcjcoris 
of mend£QgvS . n very odious and . costly one. When tho moulds 
have been nmded aud||^^he^, with gas and air outlets, and gah's 
and runners for the i^t of the metal, the top and drag are put 
together, closed, and cramped. The mould is then reacry to be; 
poured. This mohld^fe call^ **a green-sand” mould, not having 
been dried; but if a appearance is required, the mould Iwdbrn 
being dosed should be placed in tlie drying stove. When a lai go 
number of any articll^'^le required, plate monlling, to nhioh we 
have already referred ai length (see pages to 440), is vrry 
generally employed. ' 

When an opening, or hollow, has to he left in the interior of a 
brass casting, a core is inserted in the mould. This consist. % as 
usual, of a properly shaped piece of baked sand, exactly the 
counterpart of the hole that is desired; this is placed in tlu; inuuM 
to prevent the metal or alloy from running into the s})aco. To 
keep the core in its position it is made a little longer or wider tlian 
necessary, so as to .have a hearing to rest on at eacli end, 'rhe 
pattern must have projections on it, so as to leave an impres,sion in 
the sand to receive the end of the cores. Some cores have oii’y oik* 
hearing, as in the case of undercut^hrk, such as fluted columns 
and 6riiai(|tjilti^l scrollwork. Innumerable modifications in tim 
size and sh^ of cores exist in every-day practice, and muck skill 
IS requir^ in their preparation. 

Cores are usually made in boxes, as detailed under moulding. 
Where ilf would be too costly to construct a core-box, it may tx* 
dispensed with by moulding the pattern in sand, and casting it 
solid; a good composition for this purpose is one of plaster <'f 
Paris to two of hrick-dnst, mixed with water. When cast and 
dry, scrape down to the form of the core. 

Cores, like moulds, must have passages in them to allow of Iho 
escape of gases, otherwise the casting will almost inevitably ho 
spoilt. A wire must he inserted in the core to make such vent, and 
he withdrawn just before opening the core-box to remove tho corin 
When cores are large they arol^iupported with iron rods, round 
which they are built up. To givfe consistency to the sand used in 
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maldiig cores about one-half shonld bo pure rock sand, which con¬ 
tains a certain amonnt of clay, but not generally enough, conse- 
(juonily the addition of clay water is necessary to give the sand 
cohe^ivenes8. 

The cores must be dried in a)^ve»at a temperature not 
exceeding about 400® Fahr. When dry'they should be black- 
washed,.or coaled with a mixture, of ground charcoal and watci, 
with a little size; this wash must be dried on in the stove, when 
they are ready for use. , 

In green-sand moulds it is advisable not to insert the cores till 
jnst het'ore pouring, so as to prevent their absorbing moisture. 

a thin brass casting is required, the upper half of the 
luonlil is moulded from tlie opposite impression, and a thin packing 
jiiece of day or other material is placed between the two bo-xes to 
1^(■(^|> them the required distance apart. When it is desired to 
liiould .‘siii.ill animals, biitterllies, leaves, or other delicate and intri- 
f \i' ul jerts which can be consumed by fire, they are suspended in 
ii hox, siuTouiulod with a mixture of two of brick-dust to one of 
phisfer of Paris, mixed with water. Q'his mould is placed in a 
tiiniace to consume the pattern, the remains being shaken out as 
far :iH possible, and the metal poured. 

'i he air crucible furnace is tliafe in which brass is usually melted, 
hut wht n large castingff are made, as those required for marine 
( iigine work, or for ecclesiastical furniture, a reverberatory furnace, 
h icii as that shown on Fig. 58, will be found most smi^le. 

r>rassfoniidcrs’ air fuiuaees are most frequently sunk below the 
iloor level, tin' ash-pit being closed with a hinged iron grating. 
Tlic cfivers for the furnace top may be either of cast or wrought 
iiou, and should he of a dome shape; there should be a damper 
ill the Hue. The interior of the furnace must be lined with fire- 
l ri(‘ks s( I in fire-clay. ■ , ‘ , 

■ Tlie fire-bricks end clay are often contamina^ with foreign 
matt, rs, suclj as oxide of iron, magnesia, Hme, or bl^-lead; these 
impuiities imi)air their fire-resisting qualities,, and very much 
shorten the “life** of a furnace. Pure clay '^ould he whife, 
opaque, and oily to the touch, and on Mi^ysis should bo found to 
coiilain a largo percentaige of silica and alipaunfi'* Fire-bricks are 
made liom this clay in the ordinary smannet.. 
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It is also important to liave good crucibk's, wliich will 
neither corrode hor allow liquids and gases to pass through tlu'm. 
They should siilso he Oapuble of resisting sudden changes of tem- 
peratutt; ‘ Tlie are either, made of blact-lond or 

Stodrbridg^! clay. Tlje late Sre cheaper, but less durable than 
tbe bl^-2ead» and re^^iur6^;b'1 m byagruduiil 
asposm to high temperatures.. •;! 

In nixing pboniig brass the least Tolatile metal should bo 
melted the omerabei^ plunged under the molten metul wiih 
tongs, in small lumps, ;^hich must be hot and guile dry. Tiro 
reason that the metal ^^^d he hot is that it may reruain dry uftor 
being dried, as the stete horn any slight moisture o4lt wh(‘n 
placed in the melting pot, woul^ probably send the molten metal 
spirting about in all directmns; 

Fig. 251 represents an ordinary melting furnace, but in largo 
works this amngenieht is somewhat modified, the ordinary o^ieu- 
ing to the agh>pii is stopped up, and fan-blast is admitted iiiul(‘r 
the furnace hors ; the mouth of the furnace stands nl)out 8 10 

inches above the floor. The flre-hars should be so arranged, f.bat 
on moving the front bearer a little forvsaid, the front end of llie 
bars will drop down, 410 At the furnace can be easily and quickly 
cleared: from ashes ahd,ijlinkers. 

Th® fuel for the brass furnace is bard •coke, which is broken n]> 
into lumpl^|9,eme of a man’s fist. The crucible is placed liottom 
upwards ^Ipe l^e, so as to get it thoroughly heated ; it is iluii 
removed with tli tongs, turned right side up; and bedded on a slab 
of fire-clay or a fire-brick, covered over with its lid, and the fire 
neatly bmiked up aroun4 it The metal is then placed in lln; 
crucible, A cover put on, A mouth of the fomace, and the damper 
is opened to increa^' the draught; A crucible then remains until 
A metal is ^‘dp^.” It is* usual to throw in with A metal some 


charcoal dust or broken glass, which floats on the surface of tiie 
molten metal, and prCyeiits oxidaiion. In feeding the metal into the 
cAi^,.put A copper or old brass in small pieces until it is n('aily 
full.' Wben.this is well add A tin, and mix it well m : 


then throw in fa few small'pi®^ of zipc., If A zinc flares u|(, 
throw A rest of it intq A |k to well; then lift tlie 

pot from A fiitimcM, skim pfir te mouM. 




Pljo-rv. 
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When placing the zinc m the crucible, drop a piece of borax na 
large as a into it, this is done to prevent the loss of zinc 

which oth^wieo gods in £he fumes. If the surface of tlic 
hot metal is cPtcred by fine clmrcoal or borax, which is preveuicil 
from burning, r^ewed, or by broken glass, the loss of 

ziuO is reduced to a iPiniiiiain, : , ’ 

If, however, wlien thP small .trial, pieces of zinc are thrown in 
they do hot flare np> £hh>i!f ;On a little coal to make the lire bri.sk, 
and cover it over ^ proper heat. Then, os soon as 

the zine begins to If old brass alone is mciltoa 

no tin is required, fel'l^^^t'iquantity of zinc. If part copj)er and 
part brass, add tin.ah^sjino in proportion to the new copper, with a 
litijb extra zinc ior the brass. « 

prevent volatilisation, charcoal or broken glass may bo 
over the metal whilst being melted, 
the metal is poured too hot the casting will be sand-burned, 
^nd its colour impaired. The best casting*? are obtained when the 
metal is at such a temperature that it will cool quickly. Heavy 
castings should, thereJbre; be poured last. The metal be 
carefully skimmed. Small work is poured vertically, largo work 
horizontally. 

As soon as the brass is poured, it is usual to open the, 1 oxos, and 
to sprinkle the castiugs with water from the rose of a watering j»ot, 
which makes the castings softer than they would otherwise be. 
W^hen the casting is completed, let tlie fire-bars drop, clear tiie 
furnace from ashps and olinkem, and place the pot amongst them to 
cool gradually. In a.well-arranged foundry, where work recjuiriiig 
a good supply of metal is .undertaken, there are generally three or 
four such furnaces standing in row, each having a separate flue lead¬ 
ing to the chimney, which, variesfrom twenty to forty feet in l4|^lit 
—the more lofty it is the better'the draught. Each furnace has a 
'■’hamper to regulate its fire. ' In order to ensure constant work, it is 
uece.sKary to have saveml lumaces, to allow of the necfesary 
*^&ii*8 to the lining, or other being effected to one or other 
./f the furnaces, whil t the rejSiiiadier are in operation. The lining 
quickly burns away, and w1)en the space around the orueil do becomes 
larger than 2 ot'S inches, a waste of fuel ensues. Hoad scrapings 
are often used the lining, .tiie^ odptaii^ si^ and alumina; or 
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rofnse sand from glass grinders, containing flint glass, may be 
cm|)li)yod. The lining, mixed, with water, is laid on like cement, 
ami a brisk fire is at once started in the fdmace, which glazes the 
lining. ' , 

Tiie usual charge for a furnace of tb^^ription is from 50 to 
00 lbs., but, when several^urnaces be set to work, a casting of 
greater wdgbt can of course be obtained. When, however, a casting 
of mor(’ than two hundredweight is require^ it is preferable on 
thr score of economy to melt in a reverberatory furnace, see Fig. 58, 
as is d(»ne when statues, bells and works of large dimensions have 
to be cast. 

I 'iitb'r ordinary conditions of chimney draught the amount of 
fnol iiiid lime required to melt metal in a crucible, with the usual 
meUing furnace, such as that illustrated in Fig. 251, is as follows, 
after the first heat has lieen run off:— 

Wt'Irtht of >k<> coh«uiii<hI. 

Motal. lb'. 

112 11m of copper meltrd in .. .. 2^ hours with 2 

112 „ luixeil j;iui-motiil meltedin 2 „ ..1 20 

112 ,, „ 4 „ „ a 12 

Thf! lalter r('.snlt provides us with data from which we can ob¬ 
tain the relative cfiiciciicies of the crucible in the ordinary furnace 
ix^Ii'iK'd to and that of the usual fou'iidry eujiola, as stated in 
jiage 12l), viz. 1 ion of cast iron melted with aii average consump- 
lioii of 1 cwt. 2 qrs. 5^ lbs. As this result is rather exceptional, 
we may take it at say cwt. of coke jier ton of cast iron melted, 
ijoiii which we have (he following, viz.:— ^ 

If ewt. ofooki* nioHs 2 cwt of cft-f iron irva criioihlc 1 

Ijf cwi. ot w)ktj iiicita 20 cwt of riist iron iti » <‘in» >lii ~ l»i' 

I llie fuel ill an ordinary cupola is ten times more efficie ' 
wh‘ 11 used for melting in the ordinary crucible furnace. 

*Figs. 252 and 253* illustrate two different arraugemil 
eombinaiious of Fletebor’s patent brass melting furnace. 
tlie rate of combustion of fuel is increased by introducing the nect 
wiry air, under a pressure by means of a fan; the pressure, however, 
must not exceed 3 inches of water, and to prevent the possibility qj:’ 
exciissive air pressure, some of these furnaces are fitted with flap 
• Sue ‘ Iil(.-chiinical World,’ Jhiie lt, 48U8» for pariiciilar?, rtc. 
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valvas, of such a weiglit that they open when the pressure exceeds 
the amount arranged for. The air before reaching the Ininsice 
proper, enters ai I, fills the annular space B, and passes (Ioami- 
wards thrMgk thl padbrationtS: iiito another annular space or j.-icKet 
leading to the bottom obfiiruttee; in this manner, the iiil( I air 



Fa;, Fig. 258. 


. Lp the lieat which otherwise would tie lo.«t by radial am, 
tid becomes heated thereby! The products of combustion ('srii|to 
‘by way of passage 0 at the top, and brancTi 0 leading to 1,1 1 .> 
chimney, as in Fig. 252., Another feature in this furnace is Ih.' 
tibsence of fire bars, these being replaced by a binged drop door in 
the same manner as is often adapted m Cupola practice. This hjj; 
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hot 1 0111 is covered insido witli fireclay or other rofraetory material; 
wlu Ti in position it is held by means of a eoUer and bolt in tlie 
manner shown. The modification iUnstrafod in Fig* 25|Us.desigued 
for further economy, by ntilising ^ heat ||i'^^^oducts of 
combustion for heating .a second WlMa its cold charge 

]>revious to placing it in the higli^^iat^'^^.llis,shown in the 
lower chflraher. This is. obtainerP|;,;lntroati(^i^ an additional 
lioaliiig chamber to take the place.Of the ^e previous 

example. This latte^^hamber is consti^ctedx^ that it can 
roiate about the hinge fin F. The outlet B also aots as 

HM n](]i(;r hinge pin by the spigot rotating in the socket jof outlet 
lu iul })i])e C fixed by means of brackets to the lower casing. When 
the metal in crucible G B is ready for casting, the upper heating 
c-liamhor, with its charged crucible complete, is readily moved or 
roialed sideways, thus leaving a clear opening for tlie removal of 
c‘nu'il)]e CB. The upper crucible to be heated rests on three fire- 
la ick projections arranged as shown on separate section A B. In 
t iie arrangement, Fig. 2o3, the dished portion of drop door is much 
;h i p(a' than in the former example, so that the fire and crucible 
(’ R are supported by a refractory stand S shown in position. 

The following figures are given, as the results of tests made 
with the Fletcher.furnace, in order to give an idea of its efficiency 
under ordinary working conditions:— 

lir. ni'n. 

120 ll»i. of guu-meial molted in 0 iit5 with 25 IIm. of coke. 

GO 0 25 „ 143^ „ 

4G} „ scrnp Htei'l’ „ 1 .54 „ 64 „ 

i»7 .. iron „ 1 42 .. H4 • 

Fur the purpose of comparison we will take the ratcA of melting 
and (v)l(e consumption when melting gun metal and cast iron in an 
ordinary crucible furnace, Fig. 251, witii induced cluumey draught, 
and correspondingly slow combustion of fuel, asstatr^d fidih 

which are as follows ;— 

hrs. «nln. 

112 Uts'. of niixccl gitn motal melted in 2 0 nith of eerke. 

II2 „ caet-iron „ 4 0 ,* 90 , „ 

112 „ „ coppor „ 2 43 „ 09 „ 

If again we take the rate of melting,gun metal, and coal con- 
H\im}>lioii, when carried out in the reverbetatory or air funmee, 
I'/g. heS, as stated in page 178, we are ii< a position to make tlio 
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following comparisons, by rcflucing each result to a common 
average standard oi say 112 lbs. of gun metal (one cwt.) :— 

‘ Ovn>in'*tal, min. 

1. Or»lmttrylKi^a.oe, J’ig. 5i51 1J2 llw. ineltcnl in 1*2(> with 48 lbs. ol’r<>h(>. 

2. Fletehert fiirnacei Fig. 25iJ 112 „ -S'i} „ 28 \ „ 

3. Ite^i^bemtory or'air. Fig. 58,'’ „ 2jl „ 42 lbs. ul'roal. 

, The average o^te of meUi^p^nd cote consumed per cw*t. of <j:mi 
metal, for the lat^ or, third example stated, are derived from llic 
figures stated in 178. The element o|time also in exauij)le 
on account of fene extra size of furnace u^, does not wervo lor 
purposes of oomparison. 

• An advantage in introducing the air under pre8=iure by means 
of piping fitted with a valve, as in Fletcher’s furnace, is tlial Iht! 
rate of combustion can be regulated to a nicety, making it almo.st 
certain when the metal will be melted and ready for casting. 

By the arrangement of air inlet at the top, as shown in Figs. 
252 and 253, any metal running over,- or such as might re,‘'nlt 
from a fractured crucible, would find its way to the cavity iu the 
drop door, where it would not interfere with or stop the j^asNage 
of air. The metal thus collecting does not necessitatfi a stoppage ot 
work, and need not be removed until the usual time for removing 
scafiblding, ashes, etc.,- wheh the hinged door is let down for that 
purpose. 

Tho'furnace just illustrated being self-coiifained, does not ab¬ 
solutely require forced draught by means of a fan, as described, hui 
will work under ordinary conditions, by leading the products of 
combustion to a suitable chimney and disconnecting tlie inL-t air- 
blast-pipe for the free inward passage of air necessary for comhii." 
tion, so that there need be no stopi^age to the progress of tire w ori 
should the fan be out of order. Of course the rate of melting will 
be retarded down to that of an ordinary furnace under simihn- con¬ 
ditions of draught 

It .has of late become a very common practice to melt hia^.s 
and gun metal by burning liquid fuel, or cheap oils, known 
tai’, creosote and blast-furnace oils, the price of which has been as 
low as 2^d., but lately at 4d., per gaUon, and it is this eli'inent 
of cost which, to a considerable extent, determines the value ol’ 
these furnaces in grmeral, because it is, chiefly by reducing iho 
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of lueltiii^fcbat they are likely to be aflopted in preference 
to the methois already referred to. Fig, 254 shows,,the general 
.-iirangcmeut of Bickford’s patent crucible furnace^ 3|||ptitly intro¬ 
duced for utilising liquid fuel, which liquid by this process is first 
cLiirged into the upper air-tight tank or reservoir, fitted with 
gauge glass W and cocks in order to sli^ the quantity of oil 
inside. *The oil outlet from this tank is controlled by the cock T, 
hiu iiig a tail-piece T', which projects 2 inches below the top edge of 
i lie lower filter tank N. By means of tlie two^^ks, etc., arranged 
as shown and described, the oil is caused to flow downward uni- 
loi-mly into the combustion chamber G of the furnace, by reason 
of tlu' constant Icvcd of oil maintained in the lower filter tank'^; 
and that without the otherwise constant necessity for adjustment 
of the cocks .M and M' in order to obtain the proper supply of oil. 
'Jdjc constant level, and therefore constant pressure, of the oil is 
dia* t,o the action of the oil as it rises in the filter tank towards the 
top, so that it closes the orifice at T'; meanwhile, any further flow 
Ihuu the upper air-tight reservoir is prevented, just the same as, 
when the mouth of a bottle full of water is inverted in a tumbler 
of water, the water is retained in the bottle by the atmospheric 
pressure acting on the surface of the water in the tumbler. The 
supidy of oil, therefore, from the air-tight reservoir \V is in a sense 
iiitt rmittent, as it can only take place when the level of the oil<fji|ti 
the lower tank falls sufficiently to open the orifice T', the excess of 
flow of oil from which over that of the average consumption soon 
causes the level in the lower tank to rise sufficiently to elose the 
orifice and again cut off the supply. Thus the level in the filter 
iaiik remains practically constant, as already stated. 

Altliough the air supply for combustidn in this arrangement is 
n'quired to be under pressure, these furnaces can be built to suit 
any {)ressure, but once arranged for say a lO-inch pressure, it will 
not work with 2 inches of pressure. It is also necessary to fix 
iijion a particular make of crucihle to be used, in order that the 
iiiti'rior lining may be made to suit, by allowing sufficient space all 
round, to facilitate the removal of the crucihle, without it being 
increased kiyond that required to give the highest efficiency. 

Those furnaces are guaranteed to fuse 40 lbs. of average brass 
ill lialf an hour, with a consumption not exceeding half a gallon of 
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oil, of the q^uality already referred to. The coml-ustion of tho nil is 
obtained following manner. Ihe oil, as it^lrops from tho 
spout oh dHp*nozzle 1, plas^ round it until it reaches u slot on 
the und^ where it kt caught by the blast, is blown do\Nn\vji'il 
and becomes ignited^^y The reshltaht flame is blown thronij^h the 



opening F, lemling to the . crucible chamber, where the additional 
air blast ifuiroasps the raie^nnd tempemture of combustion. 

The adaptaliility and general suitability iir other respects call 
readily be Underst^ by reference ti^ithe illustration, Fig. ‘Jol, 
which represents clearly every point of any importance regarding 
Ibn construction. 






rosk’s patent MEJ^TING EUKNACU. 017 

!']■}<. 205 represents another type of furnace, Kose’s putout, 
(lliir^piow, now being extensiyely used for melting brass, with liquid 
iud uf the same quality as that used in the previous e^j|mple. This 



li.tto V type is really a reveilferatory furnace, in which, instead of the 
usual lire-place with bars, etc., suitable for burning solid fuel, wo 
have hero a shallow pan P B, into i^Mch oil is fed by a tube at ow 
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side, as sliowri, and at a Tate regulated by the cock The oil, 
when it has become ignited, continues to bum with a long whito 
flame, whic^^eats the interior of the melting chamber, and, as tbo 
side walls, of fire-brick become heated, the temperature of the 
interior indreases accordingly. To obtain satisfactory results it is 
necessary to have draught, and the size of chimhey necessary 

for the furnace illusixoted is 6 inches diameter and 30 foet high. 
Ilbe air for the support of combustion finds an entrance partly all 
round the upper , of oil pan burner PB, where a sj)ae(' of 
^ inch is arranged !&; that purpose; air is also admitted from tlic 
sides and top of the combustion chamber by way of twelve J-inch 
diameter bol% H, formed in each wall as shown. 

The metal to be melted is charged by way of the charging door 
? C D on one side, and, when in a suitably liquid condition, is dis¬ 
charged by way of the runner ME, which is tapped for tliat 
purpose in the usual manner for a cupola or other reverborntoi y 
furnace. 

The rate of supply of oil for consumption in this example, it 
will be seen, has not had the amount of attention paid to it as in 
the former example. In this example, Fig. 255, an oriUnary lank 
is supplied, from which the oil is conducted by a tube fitted with a 
cock T; the extreme end E of this tube forms a nozzle placed over 
a trumpet-mouthed piece or filler F, from which the oil is <'onveyed 
to the shallow pan at the point P, where it becomes ignited, and 
continues to burn in the combustion chamber C C. By this form 
of furnace it is claimed that 300 lbs. of copper can Le molted ij» 
one hour with 4^ gallons of crude oil (creosote). By redmmig 
these figures, for comparison with the results guaranteed for tlai 
Bickford Patent Furnace, we have the following average : 40 lha. 
of copper melted in 8 minutes, with a consumption of (• 60 gallons) 
fully half a gallon of oil. 

An advantage claimed for Kose’s patent furnace, Fig. 255, is 
that it is entirely self-contained, and therefore portable, a condition 
which, in a number of oases, will be considered of the highest im¬ 
portance, % avoiding the necefflity of carrying the melted metal to 
an inconvenient distance to the mould i|ady for casting. 

In some respects the reverberatory type of furnace is not so 
suitable for melting brass, on account of the volatile nature of the 
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mct.'ils used, such as zinc, a considerable proportion of which would 
Ik* carried off and lost, not to speak of the ebaiige in the compo¬ 
sition t)f the metal produced, as compared with the proportions of 
the various metals introduced in the charge.,^This object, however, 
is overcome, if 4lsirea, by placing a iCrucihidxWith a cover inside 
tlu* present melting chamber, which, of coual®, should have a flat 
] ol tom Air that purpose. ^ 

Aiiotlier form constructal by M»*. llosc, in order to avoid tiio 
loss of zinc, etc., as described, is to fct a fire-clay chamber or 
ci ucibk* so that its sides only are in the interior or combustion 
ctiiimbor and exjiosed to the flame, 
while th(‘ interior of crucible is open 
at the top to the outside, so that the j 

iTiK-ilde forms a miniature cupola readily 
charged from outside, which ojjening, 
during the melting process, is closed by 
a lire- brick slab or cover. This form, 
it will he seen, presents certain advan- 
tiiLres, which are more or less obvious, 
aeeording to the purpose fiftwhich it 
may bo required. 

I ’or small work the gas blast furnace wvqt hod 
is extrcmelv convenient and economical; 
it is uIm) v< ry clean in working, and can 
b.> ]vliu*ed on an ordinary workshop bench, 

Tlie cover and jiipe over the crucible 
must be of fire-clay, as the most intense 
lieat can bo ubtaiiied by this handy little 
contrivance. 

Crucible tongs, Fig. 256, of various 
sizes aie employed; they should bjJlEtrong, and well pinned to¬ 
gether, so as to hold the crucible firmly. 

Drying stoves for brass, when large, do not differ.from those 
described in Chapter XIS.; when small, they consist of sniiill 

chambers made of sheet iron. These can either be heated bv a fire 

* 

insid(% or, what is much better and more cleanly, by steam jackets 
heated with the exhaust steam from the engine. Where the sfovi^ 
is boated by a fire, it may be built of brick, with iron doors, but it 
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fiasK in detail, and fixed up with ash-wood binding screws S S and 
nuts N, as shown at D, with the gates and runners in posilnm 
ready for casting. A and B are two laying-down oak-wood boa id-;, 
which form a movable bottom for each half-box part or IraTiic ot 
oak-wood shown at C. 
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WORK—STATUE FOUKDISC^ 

♦ 

1’iim art. lias for a long period been skilfully practised in France, 
ami, both ftr design and execution, tU^.results obtained by French 
artists and founders are still unequalled ; it is scarcely too much to 
say tliey aix^ unapproached. During the reign of Louis XIV., 
ailcys i»f ill'll copper. 1 to 2 tin, 5 to 0 zinc, and 1 to 1'5 lead 
Avero used. Another mixture employed was b2'4 copper, 10'3 
zinc, 1 tin, . 0*2 lead. ^ 

(Germany has produced a few examples of rciilh^ artistic bronze 
castings, for the most part statues, the finest oi which, that of 
J ’rcderick the Great, i|ith iis beautiful surrounding figures, at 
Lerlin, is well known in this country from the numerous easts of 
it to b(^ found in our fine-art galleries. 

In England we are so accustomed to the ridicule cast upon our 
public* statues, that it is seldom anyone is to be seen seriously ex¬ 
amining tbeir details, although a few certfiinly deserve something 
betti-r than this neglect and contempt. But in almost*cvery iu- 
sliince, where our statues and monuments arc unsatisfactory, the 
artist or designer is to blame ; very seldom, indeed, is the founder 
at I'aiilt. 

The old Wellington statue, foffijteily at Hyde Park Comer, 
s.'c 11 from below, apneared a shapeMw jina£8 of cloak, surmountai 
by a cocked hat. This, and many more costly failures, are not 
tli<' iiroofs of any want of skill in our bronze foundries, but of the 
rci'kless manner in which the pub^c money is disposed of, by 
tiiihting such work to incofnpetenfc artists; generally, indeed, 
tliesc' Johs are managed by influenoej withovit any pretence at a 
preliminary competition. ^ 

These remarks may seem at 6rstt sight too severe, but when it is 
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retiicmbered that England has for a long time held its own in all 
hinds -of brass and bronze work destined for practical purposes, 
whilst etery effort to produce a grand statue or a noble monu¬ 
ment ends in a failure, the time seems to have arrived 

uhen the blame sbJ!^ be placed on those who deserve it; and io 
ask whether an artist cannot be found to design the figure of a 
man which will remain upright without being supportedt by tljo 
voj^minpM folds of a cloak or the stump of a tree growing into 
his back|Pbr whether it would not l^ipiser to leave a bron/e 
casting in its natural colour, rather thahxov^ it wdth gilt, so tliat 
man, drapery and chair formed one glaring, gaudy, dazzling and 
incoherent jumble? Art alone is to blame f<^ such errors--it. 
might, perhaps, be more correct to say the want of art. An artist,, 
for this description of work, is not only required to possess fill the 
artistic skill of a modeller and sculptor, but must be possessed ot a 
thorough knowledge of the nature and capabilities of the material 
in which his works are destined to be produced. 

Paris and ilia neighbourhood contain the most famous and ih(‘ 
most successful Bronze foundries in the world, and anyone who bus 
visited that city must have noticed the immber of shops deveii-d 
to the sale of the smaller articles of vemi, and the beauty and 
elegance of their contents. The permission to view tho works 
from whence these objects issue is only obtained with con- 
^derable difficulty, and the greatest jealousy exists between tht". 
masters as to obtaining the services of skilled and artistic work¬ 
men, upor whom principally the fame and success of tho foundry 
depends. 

The French bronze works are usually arranged into depfiit- 
ments, which comprise— 


1. Di'.sifrDer’a rnom. 

2 . 13 i oiize foundry. *''■ 

3 . Cbtisin;; ultop. 

4. Model shop. 

5 . Marhlu workin:; shop, pro* 

vided with Hjipai-atus fo^ 


working marble by hand 
and machine tools. 

6. Knamelling shop. 

7. Fitting and mountiiui: shop. 

8. Store-room, and gallery for 

finished work. 


M. Collas, having improved upon certain old and well-knoi\n 
principles, and perfected a beautiful machine for the automfitu; 
reduction or enlargement of solid forms, was enabled to roproduco 
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ail)' lironzn to any scale, ' with perfect ac-curacy and small cost. 
Such an invention well deserved the grand medal it obtained at the 
Paris Pkhibition, and it is now largely employed by French bronze 
luaiiufacturers, who can by this means protide their customers with 
cojiics of nearly any famous work of ^rt at ai, comparatively small 
cost. 

In Ijhe foundry, if the works generally to be produced aro 
small in size, the moulding is done on benches, and the moulders 
work vis-a-via at tho same bench, which is divided bj^a longi¬ 
tudinal partition, provided with a shelf for tools. Small and uuim- 
^loi tant pieces may be moulded in green sand, large works in loam, 
but the greater of general w^^ is moulded in dry sand. 

Th(‘ two sands ptincipally employeflBe obtained from a place 
called Fontenay-des-Koses, near Paris; the one is a deep-brown 
huimy sand, the other is of a light yellow-ubite tinge. These sands 
an' iniNed in proportions carefully regulated according to the 
nature of the Work for which they are intended, and the mixture 
is leiiuced to a uniform fineness by being passed between cast-iron 
1 oilers. The sand is then damped and sifted. 

'I’lic moulding boxes are of cast iron, accurately fitted, the 
odgcs being planed true. ' 

Wlieii the objects aro to be finished in tho lathe the patterns 
arc sometimes of wood, but most frequently bronze models aro 
made, and are truly finished to the desired form. Bliiny other 
s\ibslaiircs are used for models, such as plaster, wax, fusible metal, 
porcelain and glass. • 

For facing sand a mixture of potato starch and charcoal dust, 
or fine white flour, is usetl; but charcoal dust is the favourite 

inat<*rial- 

Saud cores are used for all hollow pieces, unless tliese are to be 
cast in loam, or are of a large size ^.ii)|||he latter cases the cores 
arc of loam. In bronze statue casting, the thickness of the metal 
sliould be as nearly uniform as possible, otherwise the work will he 
distorted from unequal contraction; bronze contracts considerably 
on c‘. oling. the extent depends upon the proportions of the con¬ 
stituent metals employed in its composition, and varies from 1 to 
•J per cent. This contraction is found to increase in latios with 
tlic size of the ea-ting. ; 
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The perfection of bronze work is said to consist in liavinp: the 
mould very highly finished, and obtaining a bright sluiri) oistini;, 
which shaU reqtiire onlya minimiim amount of subsequent clnising 
and tool>woik,thus ieavhfg the skin of the casting as far as possihlo 
undisturbed. 

In the French fin^art work, the furnace arrangements ar(j 
such that the moulds and cores are generally dried in fiiniiU'es 
heated by the waste heat from the crucible furnaces. The bi onzc^ 
is melted^in clay c.ruoibles holding between CO and 70 lbs., Nvith 
coke for fuel, and a fan blast. For large work an air funiaeo is 
generally employed. , ’, 

Best English or and very puisH^utb Americau 

copper, which latter is pflUpd by liquation, afe the metals em¬ 
ployed. A proportion of gates and runners may be addisd, Iml, 
this is only done when the proportions and quality of tiieir in¬ 
gredients are known, and no old bronze guns, old copper or hia'S, 
or other material of. unknown and variable com])osition, an* cvrr 
used, as it is considered impossible to rely upon obtaining a lit sl- 
rate casting from such uncertain ingredients. 

!fhe moulds are placed in cast-iron boxes, which are jilaci'd in 
a naked pit. A reservoir formed of sand vith a charcoal facing js 
employed, into which the contents of the crucibles or air furnaces 
are drawn. This reservoir communicates with the main gatr* {>1’ 
the mould, and, as soon as a sufficient quantity of metal is in tlni 
reservoir, an iron plug in the bottom is removed and the nndal 
flows into the mould, from whence the surplus passe.s oil' by 
“ rising heads,’* which arc purposely kept small for fear of dis¬ 
torting the casting from too great a pressure. 

The gas evolved durmg the pouring is fired at the rising heads 
by a torch. 

Bronzes which 
their surfaces specii 
French artists call 
a somewhat tedious one, and r^nires great skill on the part of Ibo 
moulder.?* The outlines of thefdesigpu for the enamel are dcscnbcfl 
by small thin partitions of hrpnsse, projecting upwards from tll(^ 
main body of the work less than a twenty*fifth part of an inch. 
Thus Iho bronze has its„iSurfaoo covm:^ with a network of lino 



to be coated with enamel, lia\(j 
for its reception by what tli« 
cloiso^nS, or, partition work. This procc8.<5 ia 
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rni(‘s, and when the enamel is baked into the shallow ccll< so 
ionned, the enamel and the bronze partitions are ground and 
polislied to a uniform depth. 

'I’ho'^e partitions serve two useful purposes, they dcscril)e the 
outlines, and they tend to hold the enamel firmly in position. 

In finishing patterns for this class of worjr, every irjcgularity 
in tlio cells and partition walls has to be cut out, and gieut care i.s 
iicfossary not to injure the surface* 

When such patterns are finkii|d they represent a considcrah'e 
\aluo in skilled labour, and are extremely delicate, conseqneiuly 
thi'v are kept covered up on soft cn^hions, away from «]anger of 
;h-ci<leiital daina^. 

■J'h(^ founding of statues is ceiMppn very ancient brand i of 
tlic art, and one in which our aura^rs hehl their own, as the 
g)ai*e ami skill of existing specimens abundantly testify. The 
iiivi-ntion of tlie Samian artists consisted, in all probability, of 
iiinuijig the metal into a mould which contained a centre piece, or 
kcriu‘1, to diminish the thickness of the metal by leaving a hollow 
.'^p.ice in the centre of tlie statue. The necessity for this kernd is^ 
M U-('viileiit, for a solid brraze statue would be most costly and 
( iimhorsome. Besides, unless the statue is very light it wonl.l in 
iiiiiny eases be unable to stand. A rearing horse, for instance, coiihl 
m vor he upheld by its hind logs if the whole body was composed 
of solid metal; and, to lessen the weight^hat would otherwisi* bend 
and break so slender a sujiport, it is not only nceesHary tint the 
horse shfuild be hollow, but it must he as light as skiller^worknian- 
ship can render it. Since the day, therefore, of the Samian artists 
(ii,\\n lo t]ie])resont day, it has been the constant efibrt of hron/,o 
jiiouldiu-s to lessen the tliickness of their statues by increasing the 
s!/<’ of the kernel, so as to leave as small a margin as possible for 
Uk' metal to run down this centre piece and the mould with which 
Vl i< enveloped. 

Aiming early methods for obtaining this end, the mo.st faiuili.ir 
,-s knoun as the cire-perdu, or waste-vwix proce^, whicli was suil m 
voune when the present system wtis introduced, and a compn i-on 
helWi'cn the two will best illii^trate the progress nowaccompli-hel. 
The cire-perdu process requited great care, and could only lo 
eurried out ellcctively by the sculptor ^modeller himsi !f. 'I'hiH, 
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let ns suppose, for the sake of simplicity, that the object to he 
reduced is a portrait bust measuring 4 inches in height and 3 in 
width. The first step would be to model in “sand,” or a mixture 
of porous cement, the outline of the bust, taking care to make it on 
every side inch smaller than the size it was designed to give to 
the finished statuette. This outline, or “corfi^ must be cojitc'd 
up with, wax to make up the deficidut inch. This rauchf* miglit 
be accompKshed by an ordinary workman, l)ut for the rest t]i<‘ 
services of the artist are ind^ensable.. With great delicacy of 
touch he must work up the likeness and texture of his subject on 
the wax; in fact the expression, the minute lines, all the diduiJs 
of the artist’s (X>nceptmn^|i||^t he executed in ^Ihis wax, and it 
will be seen at once tbat:fl|Hlrone is competent to carry this out 
satisfactorily. Were it by anyone else it would be, at tho 
best, but a copy of the statuary’s conception. 

The portrait completed, five or six pieces of wire must be puslicd 
through the wax into the sand outline or core. It is now necessary 
to coat over the wax with liquid sand, applied most carefully with 
a fine hair-brush, ^^’hen a few coats of this sand have been made 
to adhere to the wax, the statu^te is surrounded by an iron fraiQ(>, 
and the frame is filled up with sand mixture. The Irame is 
generally about twice the size of the statue. Wlien all is ready, 
this frame is removed with its contents to a warm jilace, so that tht‘ 
water may evaporate from the sand and the latter giudually consoli¬ 
date. Holes must then be cut at one end through the outer sand 
casing to (.he wax; rafter which the frame is subjected to tlie baking 
process in a hot oven. The wax of course melts and runs out. of 
the small perforation, leaving a space between the inner core, 
maintained in its position by the wires mentioned above, and the 
outer mould, which latter bears the faithful impression of tlui 
modelling bestowed on the wax. The holes through which the 
wax escaped are now used for the purpose of introducing the raolt(ui 
bronza The mebil poured in rapidly fills the space once occupij^d 
by the wax, and tho work is done. When the metal has had time io 
cool, the artist anxiously breaks the sand casing away to disentomb 
bis wor^. Sometimes a successful. i^Simlt rewards bis pains, but the 
work is often a failure. The metal has not perhaps filled all the 
shur] ler and smaller creviq|s in the mould, or the presence of dump 



BKONZK riNE-AlIT WOltK—PT\Tni3 FOUNDINa. 


(557 


i;is iinpcilctl ilie process, or, again, the escape of various gases Las 
split, tlio mould; and thus the whole work is in one moment de- 
.'lroy("d, and must be commenced from the very first stage. 

On tlx* other hand, the method now pursn^ is more scientific, 
involves loss risk, and is consequently less expensive, though it is 
still iiocessary to exercise the greatest skill' a^ jud^^ment. The 
scnljitor ijoftd only produce his conception in when this 

is liiiisliod hand it over to the founder, who can undertake the rest 
of Iho work without any assistance from the sculptor. The plaster 
niodol is forthwith embedded in tlie sand'ISontained in an iron frame 
or moulding box. Thus safely laid out'on a soft bed, the workman 
wh.'it is called piece-monlding;' a small section of the 

statiio, he forces the sand, by strikhi||H|^tIy with a mallet, into 
(■v(‘ry fissure and crevice, and thus oh9BP“an, accurate impression 
of that part of the model on which he hgS heen working. Having 
< i>m[)lcied one piece lie proceeds*with another, until, by putting 
the puf'os together, he can cover that part of the statue which is 
« \ posci 1 out of the sand-box. The model is then lifted from its Jied, 
innuj'l round, impressions taken of the other side, and when thki is 
comi>l(‘tt>d the model can be removed uninjured. 

I'iio pieces of sections of the sand having the impressions of the 
model are litted together in their relative seating within the two 
halves of the mould-box. The mould being removed, we have, 
as it were, two sand inversions, one representing the right and 
till' other the left side of the statue. The moulder then proceeds 
to make in the impress a core or facsimile, onlyji^ttle smaller in 
siz.‘, so that, when this is placed within the m^3, ther^'shoirid 
r< laaiii all round a margin between the motdd^and tho core 
( (jual to about inch in thickness. The core and the pieces 
which constitute the mould, being'i^cured in their resp^tive 
I daces, the whole is then exposed to heat of an oven, w that 
tiu* moisture may be '•emoved and the sand hardened to receive 
the metal. Vents for the foul air and gas muSif^ be provided, 
uTid rniiiicrs to enable the metal to penettn^ the margin 

Itrtwceii the core and outer mould has thus 

]p(‘« u cast. The sculptor may, if he any irnprovo- 

mmit to the chaser, who polishes hm&es off the casting, 

Owing to the intricacy and fineneww t^ model, it sometimes 

■’ :-X. '‘•f o 
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requires a great number of pieces to make the mould; and al^o 
several months* work to finish, successfully, a group small enon”h 
to be stood upon a mantelpiece. One of the great advantages of 
this new process it’ the &ct that, if the casting fails, the artist's 
chalk model, the result perhaps gf infinite labour and of an inspi- 
. ration Ivlndi may never be repeated, remains unaltered. A new 
■mould may taken from it, and the second cast prove a success. 
The statue may thus be reproduced as often as desired ; whihi, with 
the old process, the artist’s work was carried away for ever as ilie 
wax melted, and, if the c^s^ proved a failure, there was no long« r 
any record remaining of th^^work done and lost. 

The process of, pi^||jj|^ldiog is largely employed at the 
foundry of Messrs. H, -.IHHIf and Co., Liondon, and to this firm we. 
are indebted for the prCra^^ion of some of the best modern fiu«>-ait 
casting. The beautiful lamp standards which adorn the Alix rt 
Embankment on the river Thames, are notable ^cimens of their 
skill 
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The manufacture of bells dates from a very early period: church 
bells were certainly in use in England in the reign of King Egbert, 
as tlio priests were expressly commanded to ring them at certain 
hours. According to Stowe, bells wen^irst cast in England by 
I’lirkcicl, Abbot of Croy laud, Chancel lor to Edmund I.; and the first 
lunablo sot were put up in Croyland Abbey, about 900. 

In early times bell founding, like most of the useful arts, was 
oiirriod on by the monks; when, however, it became a regular trade, 
nuiiiy of the founders carried on their vocation by journeying from 
]»Lico to place, and casting bells quite ^lose to the position they 
were intended to occupy. 

It is improbable that any bells now remain in tin’s country of 
d;de prior to the fourteenth century, and of the most ancient of 
flu'M' the age can only be approximately ascertained, as the custom 
of j)i:u'ing a date and inscription on bells, which is now almost uni¬ 
versal, only commenced in the sixteenth century. 

^riuj very old bells expand more gradually from crown to rim 
Ilian llie, modern ones, which spread out somewhat abruptly towards 
the muutb. It may also be said that tbe former are almost in¬ 
variably of excellent tone, and far superior, as a rule, to tb(^ cast 
in recent times. It Las long lieen popularly supposed that the 
lone of the older bells was due to an ftddition of silver to tbe bell 
ntt'tal, but recent experimeutg have showm that the presence of 
sdver 8]K)ils the tone, in direct proportion to the quantity of silver 
added. — 

Owing to the number of church hells in our towns, England used 
formerly to be called the ringing although, indeeil, Kal)elais 

applitis the term YIsle sonnante to ilsoma In England bells are 
usually arranged in peals, whilst on ithe- Continent, especially in 

. ’ f ' 2 u 2 
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the churches are provided with chimes of rxcelh'iit toio, 
which are either played upOk by hjind, or by a simjile inochauisju 
arranged to perform certain aim ,, 

Before the Reformation it WM .usual to cast some religious in¬ 
vocation on the bells,* that.custom was replaced by the founders 
placing their trade marks, or some short sentiment^ verse, upon 
►n bells, either with or without a date. » 

& t 

The chief reason why so few bells of early date are now to h(! 
found in England is, that during the Civil Wa||i very many wei 
removed from the churches to be cast into cannon ; anolher rea'^on 
is, that it is usual to remove and destroy old bells, for the sake < »r 
their metal, when new ones ;are required. 

The largest bells are j|'be found in Russia. That whi(.*h was 
cast in Moscow, in 173G, is said to have weighed 250 tons, and tlio 
value of the metal contained in it was estimated at considorahlv over 
06,0007., much gold and silver having been thrown in as vedivt* 
oflFerings by pious people; this bell was broken the year affer it 
was cast. Another, weighing about 110 tons, was cast in lislT ; 
and three other smaller have since been added. 

No bell at all applp^big th^e in size exists in England. 
“Big Ben,” which was cast for Westminster, in 1850, A\(*ii:ln'J 
15 tons 8]^- cwt., and this, being cracked, was replaced in .185iS by 
one about 2 tons lighter. 

“Big Ben” was—and its successor, “St. Stojhen,” i.s—tho 
largest bell in England. “ Big Ben ” was .so named aft<^r Sir 
Benjamin Hall, then Chic’f Commissioner of Works; it was cast at, 
Hoqghtbn-le Spring, Durham, by'Messrs. Warner, at an e\])en-,o (tf 
33447. The alloy used was composed of 22 parts of coptx^r tn 7 
parts tin.' Its diameter was 9 feet 5.^ inches; height, 7 feet 
inches; the clapper weighed 12 cwt. 

In October, 1857, it was discovered that “Big Ben” was 
cracked; it was Consequently removed and broken up. A new 1 el I 
was cast by Messrs, Mears with the same metal. This hell, called 
“St. Stephen,” weighs IB ions 10| cwt; its diameter is 9 f^ct 
6 inches; its height, 7 feet'4lti(;i^hes; the clapper only weighs 
6 cwt., about half the weight .former clapper. 

This hell was struck for time on the 18th Noveiii]«'r. 

1858, and less than a yeaikl^ps^ -.jefore it, also, was found lo be 
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craokcd. The note of the bell is E natural, the (jUfirtcr bells being 
(j r. M F, the weight of the fourth-quarter bell being 4 tens. 

J\Ifiny bells hate been succ^tsfuUy cast abroad closely approach- 
iiii^ the weights of “ Big I^n ’* and ** St. Stephen,” but in England, 

< \'( ])fc the bell at York, which weighs' 10 tons 15 cwt., the next 
l.irgcsl. is scarcely half the weight of ^‘Big Ben,” The bell of 
St, Baufs (Cathedral only weighs 5 tons 4 cwfc .; this was cast as 
<Mrly as 1716, it is 10 feet diameter, the clapper weighs 180 lbs. 
As lluj two bells at Westminster maybe looked upon as decided and 
(•')>{ ly iailuros, it would appear that the art of bell founding on a 
/(fiyr fivale. is not SO well understood in England as it is on the 

< oriiinonf. It is certain that in many instances little or no 
attriitioii is paid to the musical tone, for, except where the bells 
j'li'o arranged in regular peals, church bells in England are almost 
uiwvcrsnlly clanging, monotonous nuisf^ces ; fortunately, they are 
U'-nally so badly dosigncil that their noise does not reach far. It is 
11(4 or.r object, however, to enlarge upon the artistic merit? of bells, 
exempt in so far as they may be dependent U] on the form of the boll 
and ihc nature of the alloy of which they arc cast. 

In the list of alloys used for bell casting, and for other instru- 
naTits, such as gongs and cymbals, intended to give forth sound, 
it will be seen that the chief ingredient is copper, to which tin is 
ill bled in ])roportions which vary according to the tone required, 
ha- upon the latter metal depends the peculiar tone of the casting. 

in LSoT, E. I>. Denison read a paper on the “Great Bell of 
West minster,” at the lioyal Institution, in which he ^ave the 
Kv-nlls of numerous experiments on the shape of bells and the 
.'.ompnsition of l>ell metal. 

'fhe object in view being to obtain the best bell that can be 
mad(' of a eeitainjgyrcight, to give a combination of the most power- 
inl iuul most pleasiug sounds, the shape and composition of metal 
li,i\e to be settled. As to the of note, he,>ms, any depth of 
lutte can b<‘. gojt from a bell of a given weightj||m^ the boil 
J:ii-ij;er iiiid tbiimer—and of course worse, as thd^^d becomes thin 
and ])r()r, and cannot be heard at any great distance. 

The French shape for bells is- dot considered so good as the 
English standard, nor is the mixtu 3 Pe of metal they employ con- 
sid('red correct. ' d 
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The shape adopted for the Westminster hell was somethin" 
between the shape of the great bell of Kotre Dame, in Purls, and 
that of the great bell at Bow. 

The exact height of the bell does not appear of great import¬ 
ance. Foreign bells are usually higher than English ones, whi<*h 
vary from two-thirds to three-fourths the diameter, althongli tin to 
are some higher ones; the vertical height inside of thd bells at 
Westminster is ^ of the diameter. 

In a bell of the usnal'proportions the thickness of the upper or 
thin part is one-third of the sound how, or tlnclcest part. As to 
the thickness of the sound bow itself, which is often spoken of 
simply as the thichness of the bell, large bells of a peal are sonie- 
times made as thin as -j^th of the diameter, and the small ones as 
thick as ^jjthof the diametm:; the most effective proportion is from 


to 

V2 “ 13 




In easting peals of bells it is necessary to take rather a 
wider range, in order to prevent the treble being so small and 
weak as to be overpowered by the tenor, though care must be tuk<n 
not to run into the opposite extreme, and make the large bells too 
thin. 

The thickness of the Westminster bell ("Big Ben”) was 
inches, or about the diameter, 9 feet 5.J inches; the waist 
M'as 3^ inches, or one-third of the sound how ; the width at the t(»]> 
inside was one-half the width at the month. 

In cillcnlating the sizes of hells to produce particular notfs, and 
assuming that eight bells are made of similar material, and llunr 
sections exactly similar figures, in the mathematical sense, they 
will sound the eight notes of the diatonic scale if all their dimen¬ 
sions are in these proportions: 60, 53J, 48, 40, 86, 32, 30— 

which are merely convenient figures for representing the iiiv(TS(i 
proportions of the times of vibration belonging to the eight notes 
of the scale. S^|piat if it is required to make a h^l a filth abovo 
a given one, it must be trifo-thitds of the size in every dimension, 
unless it is intended to vary the proportion of thickness to diameter, 
for the same rule then no longer holds, as a thinner bell will give 
the same note with a less diameter. 

The reason is that^ acct>||ing to the general law of viltrating 
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l^liiips or fiprings, the tipie of vibration of similar bells varies as 

fill K*jk iir'ss 

(li nnet^ 2. When tbe bells are also completely similar solids, the 

tliickiiess itself varies as the diameter, and then the time of vibra¬ 
tion may be said simply to vary inversely as tbe diameter. 

'riie weights of bells of similar figures vary as the cubes of their 
ihiimetere, and may be nearly enough represented by the figures 
2 HI, 152, 110, 91, 64, 46, 33, 27. The exact tune of a set of 
bi lls, as tliey come out of the moulds, is a secondary consideration 
to their tone or quality of sound, because the notes can be altered 
a little either way by cutting, ,but th.e quality of the tone will 
rcrnHiii the same for ever—except that it gets louder for the first 
two or three years that the bell is used,probably from tlie particles 
arranging themselves more completely in a crystalline order under 
the liaiiimering, ns is well known to take place. 

'riie designing of hells is regulsated by certain fixed rules, 
(b^rived from experience, and which are handed down from one 
gimeratioTi of hell founders to another. Some makers have their 
own petailiar mixtures of metal and design of hell, to which they 
attach paiiicular importance and secrecy, but it is doubtful wbetber 
iuiy real advantage has been attained, either in tone or durability, 
by jiiiy of tliese secret processes, as compared with l)ells carefully 
(b signed and cast with proper precautions, and a thoroughly good 
iiK'tul, on tbe ordinary plan. 

'J’he weight of the clapper for “ Big Ben ” was much greater than 
usual, in proportion to the weight of the bell; whether it was 
wise to dc'sign it so or not is a question which is not easy to decide, 
but ill the next hell, “ St. Stephen,” the clapper was only made half 
the weiglit. The reasons given for its unusual size are, that it 
was found that an increase of sound could be obtained fi:om the 
bell by increasing the weight of the clapper up to' 13 cwt., or 
about oV oi tke weight of tlie bell, which is a little higher than 
tli(' proportions existing in some of the largf^^eign bells, and 
two or three times as high as the usual Engli^^^portion. 

Tlic weight of a clapper is limited by two considerations, the 
strength of the hell and useful effect, for there is alwavs a limit 
beyond which no more sound can be^ got from a bell by increasing 
the weight of the clapper. The jfealt was satisfuclury in one 
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I'cspcct, as the body of sound given out ^y “ Ben ” was very 
different to that obta.ined^ from other large bells having only snitili 
light clappers. Tins result is one of the tests by which to dotei - 
iniue the value of a bell, as, although almost any depth of note can 
1)6 got out of a bell of any weight by making it thin enough—ainl 
a small bell of a few hundredweight will sound almost the siinio 
note as one weighing several tons — at a short distance the sound 
becomes thin and podr, and is inaudible long before tin) Lngcj 
]bell, if the latter be properly designed. As an example ol' th s 
may be cited the 29-cwt.Jbell, which was exhibited in 1851; it wa^- 
hemispherical in form, and sounded nearly the same nolo as llig 
Ben,’’and yet it could not be heard so far as a 3-cwt. bell of tin- 
usual and correct form. And a Chinese gong, which also giv<'s a 
deep note and a loud noise, can only be heard at a coiupiiiMli\< 1\ 
slight distance, showing with what a small weight of metnl (h'(‘() 
tones can ho obtained, althciigh it is true that a gong (liffers 
from a bell, because it can only be* roused into full vibriition by 
a repetition of soft blows. In casting gongs, 4 copper to I of 
tin, they are allowed to cool suddenly, the metal is tla'ii icndca-c*! 
malleable; but the art, simple as it would appear, of making 
good gongs appears to be possessed by the Chinese alone. 

The usual mode of hanging large hells is to cast si.'c cai s or 
loops on the top Or crown of tho bell; these are called canon 
through which iron hooks and straps are put to fasten the bell to 
the stock. 

Smal^beUs may be hung quite securely by a single canon, oi 
plug with a bole in it, like a common hand-bell. 

This method of hanging by canons is objectionable, no donht, as 
they must always be the weakest part of the casting, from being 
nearest the top j practice it is found that they fn'.pK ntly 

break, and Save replaced by iron holts put through lioles 
drilled in the crown. It is also difficult to turn the bell in lli“ 
stock, to present ^ew surface to tbe clapper when it is worn iliin 
in one place, 'ifflese disadvantages were avoided in the W( .st- 
minster bells, by casting on a very short thick hollow neck with a 
strong flange round the top, wlHoh could be fastened to the stock 
by bolts with hooked ends. By this anaugement the bell is 
held by a large section of metal, and can at an\ time l.e 
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Filinrtl round by slackening the bolts. If a clapper is io be used, 
it (‘fin bo hung upon a separate bolt, passing through the hole in 
th<‘ nock aiid^through the stock, audsecuted above. 

When only clock-hammers are employed to strike on hells, the 
wear is so small that the facility for turning the bells is of secondary 
importance. But this plan, which was designed by 3Ir. Denison, 
has tlio^rcat recommendation of strength, and would probably have 
boon largely adopted but for tlve loss of the canons, which are 
rogajdod by the founders as an ornamental finish to bells, upon 
whioli they rather pride themselves. 

'I'lio following is a list of several of the largest bells known; 
tho \veigl)ca of the two Eiiss’an bells are not over-eStimated, for 
tlic Ihiokncss and height are well known, and there are several 
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Weight, 

I'lametc-r. 

TblckDesK. 

Ki»te. 

. 

C'luppfr or 
lluillllllT. 


tiiDS cwt. 

ft. in. 

ill. 



M.isoow, ITon; brokon\ 
17:J7 ./ 

260 (?) 

22 8 

23 

•• 


Aii«lhi-r, 1SI7 .. 

110(?) 

10 to :5i 

18 0 

mm 


Of bell 

'1 llll'i o;,li<Td 

• • 


«• 


N(»\(if;nrO(l. 

81 0 

• * 


« m 

« * 


17 IH 

• • 


• • 

# • 

^ 1711 .. .. 

17 H 

9 10 


« • 


>Vi ;.i,iiiins1,(:r, IR&G .. 

L". 

0 6J 


E 

nn 

l-'.tliiit. 11117 

18 15 

8 74 

« ■ 

F 

lo.so. 

12 10 

8 7 

71 

, , 

CJ cwt. 

Mniitrt'iil, 1SI7 .. •> 

12 15 

8 7 

H 

F 

« * 

( 1-1 IS .. .. 

11 3 

7 11 


G 

• 

r.li'^iriu. l.’)07 

H 0 


w * 

» * 

• • 

ll'll’lll./. . 

10 17 

* • 

* % 


• • 

^ <iik, IS-I."). 

10 15 

8 4 

8 

P slmrp 

G 

4 cwt. 

H)S<) 

IG 5 

• • 


* 

SI. I’fl. r’s, Home 

8 0 

• • 


• « 


Oxi'.iid, IC'-SO 

7 12 

7.0 


« a 

80 lbs. 

l.Moorno, ICiSfi ,, 

7 11 

• • 


G 

a 

11 ill 1 >1 r.sludt, 1157 .. 

7 10 

• m 


• • 

• * 

Aol'Mrp . 

7 3 

• • 

m0 

. • 

• • 

llnisscls . 

7 H 

• • 


G sharp 

• • 

J ^iiTllZl(*f 1 •• •• 

6 1 

• • 



J * 

Liii('oi]i, isai .. * .. 

5 8 

6 101 

6 

A 

1.50 lbs. 

.M, I’iuil'a, 1716.. .. 

5 4 

6 0 

• V 

A 

180 1I)S. 

•• •» 

4 18 

'4 

• « 

« « 

« a 

l{<i(il<ijxii(> (m’w) .. .. 

4 18 



• 

« • 

(>1(1 Lincoln. KJJO .. 

4 8 


• • 

Bhat 


I’ltiiiUi-qniirter boll, \ 
Woatmiubter, 1867 J 

4 0 

6. 0\, 
i ’ 

R| 

B 

• • 
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other b(41s, mentioned in works on l^ussia, all of great weight, 
from wliioli it appears tliat the Russians have surpassed all otht r 
nations in the magnitude of their scale of bell founding. Many 
large bells are also known to exist in China, but they are of a 
totally diderent fojrm, and no reliable information exists from which 
to give details of their composition and mode of construction. 

Concerning Idie composition of hell metal, it is well known to 
consist of from 5 to 3 of copper to 1 of tin; experiments have 
been made to ascerbiin whether there is any other metal or alloy 
which would answer better, or as well, and cheaper. The metals 
that have l)een suggested are aluminium, either pure or alloyed 
with coppeir; cast steel; union metal, consisting of iron and tin ; 
and perhaps glass might be added. The first is at j)rosont quite 
out of the que.-tion, as it is enormously expensive. Steel bc.lls, 
though they might be made cheaper than in bell metal, are 
exceedingly harsh and unplea'«ant in tone. Much the same may 
be said of the iron and tin alloy, of which there was a large hell 
in the Exhibition of 1851. It is scarcely necessiry to refer to 
glass, because its brittleness is enough to disqualify it I'or use in 
bells; but, besides that, the sound is very weak, compared with a 
bell-metal bell of the same size, or even the same weight, and of 
course much smaller. 

,As regards silver, that is a purely poetical and not a chemical 
in jUienfc of bell metal; there is no foundation whatever for tln^ 
vulgar notion that it was commonly used in old bells, nor the 
least reagon to believe that it would do any good. This may easily 
be judged of from the &ct tbit a silver cup makes a rather worse 
bell than a cast-iron saucepan. 

Dr. Percy cast several small bells of various alloys with tho 
following results;—' . 


Iron, 9G .. iNotsogoodas copper and tin alloy eitlior in 
Antimony, 5 *. \ tone or strength. 


Copper, 88*65 .. 
rhosphorus, 11*85 

Copper, 90*14 ,. 
Aluminium, 9*86 


Brass 


I A Very haid alloy, capable of a fine polish, but 
more brittle than bell molal, attd iuferior in 
800 ^ even to the iron ulloys. 

This mot^l in strength and toiigli- 

nes^ (nHpoIisbefl like gold, bat for tone it 
will against bell metaL 

'i ' 

fThis tnnkes a bettor bell than the last-numed 
\ alloys, isderior to bell metal. 
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IVI. Ste. C. Deville, of Paris, ca4 a bell of pure aluminiuin ; in 
foim it was a reproduction, on a small scale, of the Westminster 
reduced to 6 inches diameter; the surface was turned, and 
cvt ry care taken to produce as perfect an aluminium bell as possible; 
but this proved to be quite as objectionable in tone as any of the 
alloys ahovo named, whilst of course the cost would have put the 
metal (Jht of tlie question commercially, had given *a 

good musical result. 

Having, therefore, brought the subject back to the copper and 
tin alloy as the best suited for bells, the starting point for further 
inquiry is, what are the best proportions to use in order to obtain 
the sirongest, clearest, and best sound possible? 

I’hey have vaiied from something less than 3 to* something 
more than 4 of copper to 1 of tin, even disregarding the bad 
liells of modern times, some of which contain no more than 10 per 
(•(‘lit. of tin, and no less than 10 per cent, of zinc, lead and iron 
adult(‘ratioiis. Upon, trial it was found, however, that the best 
iiK'ial for the pui-pose is that which has the highest specific 
graviiy of all the mixtures of copgCT and tin. Copper, as now 
smelted, will not carry so much the old copper did without 

making the alloy too brittle to he safely used. The 3 to 1 alloy, 
( veil \#ien melted twice over, had a conchoidal fracture like 
and was very much more brittle than 22 to 7 twice melted, or 
7 to 2 once melted. The metal used for the We8tminsi|||bell8 
was 22 to 7 twice melted, or 25*1 of tin and 75 *80 of copper. 

T’liis 22 to 7 mixture, or even 3^ to 1, which is prrjbably the 
best proportion to use for bells made at one melting, is a much 
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Kouen. 

1 

Oltiont. 

York, 

Llnoiln. 

WestmiBBter. 

• 



Old 1^1. i 

1610. 

Top. 

Bottom. 

Oiippcr . 

71* 

72-4 

72-76 

74-7 

78-31 

75-07 

'I’m (with Antimony) 

26- 

24'2 

25-81) 

23-11 

24-37 

24-7 

1 roil. 

1'2 

• • 

•33 

•09 

•11 

•12 

/iiic. 

1-8 

1- 

• • 

imciTk i 

• • 


Li'ikI. 

• « 

'4„ 

1-77 


traces 

triK PS 

K ickcl . 

« • 

.. > 

" -85 ' 

•68 

• * ) 

■■ 

Spcfific gravity 

* * i 

• • 1 

\8-7a 

I 

8-78 

! 8-817, 

1 

1 

S-sOO 

8 JH 
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‘‘Liglicr” metal than the modem bell founders, either English or 
Ercrich, generally UPe. As there is no great difference in tlji‘ j)ri(‘(‘s 
of the two metals, the reason why they prefer the lower quantity 
of tin is, that it makes the hells softer, and therefore easier to cut 
for tuning, which is obviously a very insufficient reason. It 
would therefore be advisable to stipulate, when ordering bdlH, 
ilbt the mctal^H^l, when analysed, contain not less thaii I pe r 
cent, of tin, or mdfe than 2 per cent, of anything but copper and tin. 

It will he noticed that in the Westminster hell the spccilic, 
gravity was higher than in the others, and it is consideix^d that 
the specific gravity of hell metal should not he lower than <S ■ 7. 

Small bells are generally moulded in sand from a metal or 
wooden pattern, and the sand mould is dried in a stove. Having 
l)efore described such moulding, it will not ho necessary to culaige 
here upon the casting of small belle, of less weight iliaii, say, 
112 lbs. The most important point in the art of bell foumling is 
the proper form to give a bell to obtain the desired tune, wliich 
is also dependent upon the metal used. 

Large hells are moulded i^loam, in the same way as the largo 
pan shown in Fig. 149. G^’^'tore is built in brir^k on an inui 
platform, which must have snugs in case the mould is made above 
This brick core is covered with | inch or 1 inch %ick of 
and the last surface washing is given by a finely ground 
df clay and hrick-dust. This latter is mixed with an 
of horse-dung, to which is added a little sal-ammonia. 
Upon thq^core the ^‘Ihickness” is laid in loam sand, hut the thick¬ 
ness is again washed with fine clay to give it a smooth surface. 
Ornaments which have been previously moulded, either in wax, 
wood or metal, are now attached by means of wax, glue or any 
other kind of cement. If the ornaments are of such a nature as to 
prevent the lifting of the cope without them, for the cope cannot he 
divided, the ornaments are. fastened to the thickness by tallow or 
a mixture of tallow and wax, A little heat given to the mould 
will melt the tallow, after which .the ornaments adhere to the co])(^ 
from which they may .he lemoy^.'when the cope is lifted off’ the 
cora The thickness must hie"w^l jpolished; and, as no coal can 
be used for parting, the whole is B%htly dusted over with woexi 
ashes. The parting between the cone and the thickness is a!si» 
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mado with aHhcs. The cope is laid on at first by means of a paiiit- 
la ush, the paint consisting of clay and ground bricks, made thin 
by horse-water. This coating is to be thin and fine; upon it hair- 
loam, and finally straifr-loam, is laid. 

The crown of the bell is moulded over a wood pattern, after the 
R[>iii(lle is removed. The iron or steel staple for the hammer is set 
in the gore, into the.hollow left by the spindlei-^It projects into 
lilt* thickness, so as to be cast into the metal, the facing of the 
mould ought to be finished when the cope is lifted oflf. Small 
ih ibcts may occur, and are, if not too large, left as they are ; the 
cxcc'ss of metal in those places is chiselled off after the bell is cast. 
All that can be done in polishing the facing of the mould is to give 
it a niiiform dusting of as|aes. When the mould is perfectly dry, 
ji is ])at together for casting. The core may be filled with sand 
if piv.'fcrred, but there is no harm done if it is left open, for bell 
UK till does not generate much gas, and there is no danger of an 
(■vpldsioii. The cope is in some measure secured by iron, but its 
chief security is in the strong, well-rammed sand of the pit. ^J'he 
c:ist- gate is on the top of the bell, either on the crown, or, if the 
latter is ornamented, on one side of it. Flow-gates are of no use 
]ier(‘, {h(3 metal must bo clean before it enters the mould; there is 
no (lunger of sullage. 

The mode employed in casting “ Big Ben ” is thus described : 
'The metal was twice melted in a common furnace; .ipwas fi^^t run 
into ingots of bell metal, and then these i^ots were melted and 
1 im into the mould from a reverberatory f^|&ce. The ingots were 
only in the reverberatory furnace hours before the metal was 
ready for running, and the whole sixteen tons were run into the 
mould in five minutes, quick running bluing considered essential to 
ilu' jiroduction of a sound casting. IntbVbaoulding, Messrs. Warner 
proceinleJ in a different way fron\ that, usually adopted. 

First of all, a hollow core vras built of bricks and straw and 
clay, and made to fit the inside of the bell by being swept over 
with a wooden pattern turning on a yOrticaJ axis through tlio 
middle of the <?ore.. For bedls of a Moderate size, they keep 
a number of different-sized cores of cast instead of building 
them up of bricks, ahd tbe/irbn obic^ ate'covered with loam. These 
iron cores are easily lifted into a fnrnace to be dried and heated, 
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whereas the brick ones must have a fire lighted within them. But 
the great difference in their process is with regard to the cojx'. 
Generally, a clay bell is made on the top and outside of the core, 
the outside form being formed by the use ol^^other sweep of the 
exact profile of the outside of the bell, and turning on the upright 
spindle as before. When this clay bell is dry, a tlurd fabi’ic of clay 
and straw is laid on the outside of the clay bcH, and th's, as is 
well known, is called the cope. When it is dry, it is lifted up and 
the clay bell brokmi away. The cope is then lowered on to its seat 
again, and the metal is poured into the cavity previously occupitid 
by the clay bell This is* a somewhat tedious process, and one by 
no means certain in its results, as, unless the greatest care is 
exercised in placing the cope on again, tfter being lifted, one side 
of the bell will be cast thicker than the other. And the error is 
of course multiplied, for if the cope is put on, say, one-eighth of 
an inch to one side, one side will he oue-cighth too thin, and the 
other side one-eighth too thick, so that one side will bo a c|uarter 
of an inch thicker than the opposite side. 

Messrs. Warner’s plan was to make the cope of iron larger than 
would fit the bell; this was lined with the casting loam, turned 
true by means of an inside instead of an outside sweep, and the 
junction being between an iron plate at the bottom of the core and 
the flange at bottom of the cope, they could be fitted tog^dher 
more .iwxmraAljr-than the clay core and cope could bo, and, luort*- 
over, bolted *ether^ as to resist the bursting pressure of i,he 
melted metal, inBteaJlK having to rely merely on the sand with 
which the pit is filled, and such weights as might be phu^c^d 
upon it. The core and cope were both made very liot bofor(3 ilio 
pit was closed in with sand; for that was necessary to provoui too 
rapid cooling, which mak^ boll metal soft—indeed, if the cooling 
is very rapid, it will mei^ the m$tal malleable. 

The bell was kept in the casting pit twelve days before tin' 
sand was taken out, and OVen then the cope was too hot to toucli, 
and it was left two days more before it was taken off. 

In reference to the composition of the alloy used in “Big 
Ben,” it is only just to state that the.Warners did not consider 
7 to 22 correct proportions for, the aBoy, only adopted tlmsc 
proportions by express direction. They say that they have never 
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adopted that mixture for any large bells, the constniction of which 
has been left in their hands, and that liad the original " Big Ben ” 
been lornied of the usual mixture, 1 of tin to 3^ copper, and been 
struck with a clapper weighing from 6 to 6fwt,,instead of one of 
13 ewt., and had it not been allowed tp come into contact while in a 
state of vibratio^rom the action of the dapper.with the ponderous 
(‘x])i‘riD»ental cl^-hammer fixed on the outeide, the probability is 
i hat a second bell would never have been required. 

That Warner and Sous did object to using so much tin in the 
alloy, for fear of m^ng it too brittle, Mr. E. B. Denisen admitted 
when describing the bell; but he stated his opinion that, if it was 
])rojuTly cast, the alloy ordered would be found satisfactory. 

\Yhether the fault of the bell was to be found in the com- 
])osition of the alloy, the weight of the clapper, or the form of that 
bell, it is now impossible to discover, but the manufacturers seem to 
liave Ibreseon some trouble with it; and, as they have always been 
very successful in bell casting, it would no doubt have been good 
policy to have left them free to settle the proportion of the metals, 
wliich should probably vary with the size and weight of the hell 
rocpiitcid. 

JMcssrs. Warner cast the fine large bell for the Town Hall, 
L(‘tds, which weighs over 4 tons, and the Westminster quarter 
bells, which are of the following dimensions, weights, and notes:— 


■i 


Size, 

Weight. 

Note. 




tons cwt. qre. 'Ibe. 

0 


4.“)- 

in. diameter 

0 21 0 0 

A 


48 


0 26 0 0 

G 


54 


0 8.5 1 6 

F 

nn 

72 

. » 

3 17 1 24 

' 0 


. The following scale (page 07:2) gives the average wSght of a 
few peals of bolls, of such sizes and proportions as are recommended 
bv Messrs. Waruer and Sons, in their * Notea on Bells.’ 

An article upon this subjec’t, which may he referred to with 
advantage, appeared some two or th^.yefera since in ^Spous' 
Pictionary of Engineering.* This ^b^i^dietinctly the two modes 
of tracing the outline of a bell. 
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AVclftbt of Ti’nor. 

■ 

Notft. 

Wol^ of Peals. 

cwt. 

qw. 

lbs. 


cwt. 

qra. 

lbs. 

13 

2 

0 

G 

00 

0 

0 

15 

0 

0 

F sharp 

61? 

0 

0 

17 

3 

0 

E 

75 

2 

0 

20 

0 

0 

E 

85 

0 

0 

25 

0 

0 

• E lliit 

100 

0 

0 

30 

] 

0 

E Ihit 

111 

2 

0 
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CHAPTEH XXVIi: , 

CLEANINQ AND DBEBSING CASTINGS. 

I 

The casting in founrlries is generally performed in tlie aft^r- 
nooii, so as to make it the last business of the day. This time 
is chitlly selected to escapJlIhe heat of the hot sand after casting, 
which will then cool during the night. After casting, the castings 
arc rouiovcd, and the moulding boxes piled in a corner of the 
huiirhiig, so as to be handy for tlie next day’s work; water is 
s]trill Ivied over the sand, it is then shovelled over, mixed and 
1 Ill-own in heaps, where it remains during the night. If the latter 
work has been proj^ie^. performed the sand will l>e of a proper 
and uniform dainpne^the next morning. Each moulder takes 
charge of his own sand, and but little practice is lequired to learn 
the jiropcr amount of vater to be used in damping the sand. 

^^’lleI^ the metal of a cast is so far cooled as to be strong 
enough to hear removal, the moulds are taken apart and the sand or 
lu.-nu is removed from the eusting. Small castings require hut a few 
iiiinutcs to cool, while heavier casts take hours and even days. A 
massive casting, such as a forge-hummer of tivo tons wc'ight, will 
takr twenty-four liours cooling in a green,and forty-eightliours in 
a dry, mould. The excrescences, fins, spurs, and all ragged edges, 
which may happen to have been formed in the pjaytings or core- 
joints, arc broken oft' as soon as the cast is removed OTm the mould. 
Tlie gatfs are, at the same time, broken off by the moulder; it 
rt quires some degree of skill to break a gate off smooth. Heavy 
castings are cliaiued to ,a crane and hoisted by it. Very heavy 
castings require the united strength of two and more cranes. 
Small castings are removed from their moulds by tongs; one, 
two, or more persons taking hold of a casting at the same time, 
carry it to a place termed the fettling designed for tlie recep¬ 
tion (»f hoi castings. Projections whi^b enrinot be n'raoved iu the 
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foundry, aro chiselled and chipped off in the yard, or in the 
fettling shop, where the easting is roughly prepared for furl her 
work. Heavyand particularly hard cores, are removed 
in the foundry l^mKthe casting is entirely cold. 

The cleansing^f castings is a simple operation in an iion 
foundry where common castings are made,; any worknum is fit to 
trim a cioarse casting, or scour it. The first is done by .means of 
chisels or sharp hammers; the latter, with dull, coarse files, wlikli 
have been used and rejected by machinists. Cast-iron tiles an* 
also used for the latter purpose. The trimming and cltiausiug of 
valuable castings, such as statues o|ornaments of art, is not so 
easily performed. An unskilled wofUnan can easily spoil a wliolc; 
casting in unskilfully chipping or trimming it. This Idml of work 
is therefore generally entrusted to skilled workmen, and on such 
articles as statues the artist himself generally worivs out the details 
of the more important points. 

Grindstones are largely used in fettling, the |tones being a vari«!ty 
of sandstone commonly obtained from coafiMtricts. They slrould 
be of a hard, close-grained, sharp quality; free from veins, and 
uniform in colour. 'I'lie stones are generally driven by st(‘ani- 
power, and when, as is frequently the case, they run at a iiigh 
velocity, they are very dangerous, from tljeir liability to civutli 
asunder. To decrease this danger as much as possibh;, it is usu.il 
to apply rings or plates of iron to the sides of the stoiuis ; tlu'seaKs 
bolted on, some soft substance, such as felt, being placcid between 
the heads of the bolts and the stones. Dry grinding cuts slowly, 
and creates considerable dust, but leaves a smooth skin. \V(4 
grinding cuts quickly, and prevents the grain of the stone from 
becoming chok^ with particles of mot il. 

Neither fi® or grindstones fettle so well as emery wlu'els, 
which' are formed of emery of requisite coarseness, mixed willi a 
cementing material. Figs. 258, 259, and 200 illustrate tbret' 
sizes of these emc'ry wheels, fitted on to machine frames suiiahh' to 
the class of work they are intended to operate upon. They (saeh 
^ consiet of a main spindle running in bearings, and having at eit her 
end a grinding wheel and rests. In the centre are the pullevs 
necessary to transmit the power for running the wheels. I’lu' 
niiu'hines illustrated are those made by Messrs. Slack, of Manchester. 
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Fi". 25S shows one; suitab’e for liglifc work and general brass- 
founders’ use; the wheel is 12 inches in diameter, and from 1 inch 



Fio. 258. 


to 11 inch thick. Fig. 259^ illustrates a very powerful machine, 
iidfi])t(!(l for large castings, such as the framing of machinery and 
tlie like ; tlu^ wheels are 36 inches in diameter and 3 inches thick. 



Fig. 200 is a front and end elevation of a machine specially 
designed for cleaning the teeth of wheels, suitable iuechanic.il 










G7G 


PODNDING AND CASTING. 


arrangcmonta being made for the support and rotation of thf! \y1i( c 1 
under operation. 

Fig. 261 illustrates another type of grinding machine, in wliic.li 
the retiring emeift stone is supported at its axis by both hands, as 
indicated; by reason of the flexible nature of the spindle, which 



conveys the power from the belt driven and stationary portion 
of the machine, the operating dresser can direct the grindstone 
along and across the heaviest or otherwise awkward castings, to 
such an extent as will , be foun||of the greatest conveni('nce as 
compared with the laborious practice of bringing a com})aratively 
heavy casting to bear against the grinding wheel, as is often 
done. 

In cases where it is only necessary to scrub and clean tlie 
surface of a casting from sand which adheres firmly to it, luoio 
especially so when the casting is made in green sand, a circular 
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Flocil wire brush, mounted in the manner df^sribed and illustrated 
for a grindstone in Fig. 261, will be found of considerable service, 
by the rapidity and general 
ofliciency of the work done. 

Fig. 262 illustrates some of 
the more useful forms of steel 
wire hafld-brushes adppted for 
general work, where more eflS- 
cioiit mechanical methods are 
not available. 

The cementing material 
cm])loy<'d in Kansome’s emery 
>YheeIs is an insoluble silicate, 
a snlwtance of hardness ap- 
jiroaching to flint; and which, 
by a c'urious chemical process, 
i.s formed within the substance 
of tlio block or wh^, there 
Ix'ing no means of effecting its 
direct use. 

This cementing material is 
so strong, that if a block of emery composition made with it be 
brokon, it will be found to have fractured through the grain.s of 
oiiicry, and not by pulling them out of their matrix. It is so 
liiird as to cut well in itself, and yet sufficiently softer than emery 




Fio. 2G1. 


Fig. 2G2. 


lo wear away faster, and thus avoid the glazing otherwise in- 
(ivituble. The cement lieing insoluble in water, enables blocks 
])i‘(?I)ar(!d with it to bo usi^d either wet or dry, although tlie lattsr 
way is in most cases prelorable. 
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Another quality fernery wheel extensively used is that miiiin- 
fiactured in Glasgow hy L. Sterne and Co., and known as the 
“ Consolidated Emery Wheel.” The cementing material, wliieh 
is very different from that just referred to, consists chieny of 
rubber ground up and thoroughly mixed throughout, by means 
of hot rollers, with a proportion of fibrous material and sul])liur: 
the latter being necessary to carry out the \ulcanising process, l.y 
which the whole mass, including the emery grains or powder, 
becomes consolidated in the form of a grindstone of extraordinary 
strength and absolute safety at high speed. 

It should be pointed out, however, that the same quality of 
grindstone, even when graduated from fine to any riiasonabb; 
coarseness, will not be found suitable for all kinds of grinding, 


so that several of the best known makers’ wheels will each he 
found superior for certain kinds of metal work. For increasi d 
strength, and corresponding safety, some makers have added 
a disc of open mesh M. I. netting, placed in the centre of tlici 
wheel’s thickness, which wears down along j#ith the emery. Other 
methods, such as special forma of binding wasliers on eacli side, 
have also been adopted, to give additional security fi'om bursting 
under the high tension resulting from the great spo(‘d at whicdi 
emery wheels generally must work in order to obtain tlie highest 
efiiciency. 

Small blocks of consolidated emery may be used with great 
advantage by hand; but. of course, the proper result is obtained 
when thp form of a circular disc is adopted, and the snnu^ rotali d 
at a high speed. Under these conditions the durability ami cut¬ 
ting powers of the material are extraordinary, expfirienc(j having 
proved that minutes with the wheel will do the work of hours wit h 
the tile or chisel. A revolving wheel cannot go into corners, or do 
every variety of work, but an immense deal may be done, and tin! 
saving of both time and tools is very great. 

Kansome’s emery wheels are much ’ cstepmed in J^lnglish 
foundries, and, from the circular of the makers, A. & 11. JIateinan 
and Co., of Greenwich, we give the following practical remarks— 
which apply generally to emery wheels—on their use:— 

* “ It is well to run a coarse and a tine wheel at opposite mids of 
the same spindle, doing the rough work on the former and finishing 
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lip on the latter. Far more work can lie got out of the wheels by 
applying the work lightly to them, than by pressing or crowding 
it; the latter only heats the metal, makes the wheel glaze iind often 
go out of truth. 

“ Speed has a great deal to do with result; from considerable 
(‘xperiouce, a surface speed of 4000 to 4500 fei§t per minute, 
say revolutions of the spindle for a 12-mch wheel, is 

rocouuncinded, although a thick w'heel may be. rim one-third 
fa.st(*r ivith advantage, and good work may be got out of a lower 
speed. 

“ A foundation for the machine, good enough for slow speeds, 
will not do for high ones. Any vibration or tremor while at work 
is ceitaiii to produce bad results.' It is not enough to screw a 
spindle firmly to a bench or table, the latter must itself bo firm 
and rigid. In self-contained machines, a good concrete foundation 
is neees.'-ary; the expense will not be grudged when the results are 
compared with those obtained from a machine on a shaky founda¬ 
tion, It must bo remembered, that a large amount of centritugal ** 
lurf(? is developed in a disc revolving many Iiundred times in a 
in mute, and this must be met by firm foundations and proper 
screwing up of the washers and side plates. Too much care cannot 
he taken on these points.” 

To A. & 11. Bateman and Co. are also due the subjoined prac- 
1 ical suggestions ;— 

‘‘ 1. J^xamine emery wheels and machinery at least once a day. 

“ 2. lleiuedy any defects nt once, and on no account g^^on work¬ 
ing with anything out of order. If a mach^ vibrates, add or alter 
rci|uisitc fil tings. If a wheel is chipped or out of tnith, true it with 
ii black diamond. This may be done while running at full speed, 
cjiie bi'iiig taken to touch the wheel very lightly» After trueing, 
the wheel will he dull; rough it by ruimihg it against a piece 
of c,op])er or a piece of hard coke. IJo this freciuently; it makes 
work pleasanter, and wastes the wheel less than waiting until it 
is very much ‘ out.' 

“.‘b Never let the spindle jump or get hot—either will injure 
the wheel and produce had work. 

“ 4. See that side plates fit the spindle, and are fairly true. 
Screw' up firmly, but not so tight as to crush the wheel. Do not 
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ns(; too long a spanner—^it is diflScult to estimate the force applied 
by moans of a screw and long lever. 

“ 5. Be careful to run the wheels at abbut the indicated speed ; 
they wear oat quicker if run much slower, and are apt to go out 
of truth, and an unnecessary risk is run if the speed be tw) great. 
Ascertain the npeed by means of a counter. Calculation by size 
of pulleys is not Tory reliable, owing to the difficulty of ' making 
proper allowance for * slip.* 

“ 6. If working with water, lot it be applied clbse to the work, 
through a small orifice in a pipe under some pressure, eitlicr from 
the main, or from an elevated cistern; the wind caused by tlio 
wheel will, otherwise, tend to blow the water away. If too much 
is used it will fly ofl!" and cause inconvenience. Generally, working 
dry will be found preferable, but, for took and small work, water is 
necessary, ’ 

** 7. With tools and small work, bold in tlie right hand, and 
press near the end with some of the fingers of the left Lund. Idio 
^ moment the heat becomes uncomfortable, dip the work in water 
standing by, and then replace it on the wheel dripping, it not being 
necessary to dry it. Heat that will not hurt the fingers will not 
injure the temper of the steel. 

“ &, If a wheel breaks, nearly if not all the fragments will tly 
*n the line of rotation. In grinding, therefore, stand as clear us 
possible of this line, to avoid injury in case of accident. Itailway 
trains sometimes come to grief—an emery wheel running at the 
same spqed may do the same, but will not with proper care, 

** 9. Mount the ,^eels with the washers supplied, and do not 
strip them off and on others. 

“ 10. Most important of all, remember that fair worhng fjivea 
lest uorh. Forcing work against a wheel injures bolh; causes 
risk of accident; hastens the wear of the wlieel; frequently 
causes glazing, which never happens with proper grinding; and 
is sure to wear a wheel ^true, and involve very frequent trueing 
up.*’ .’i 

There is but one limit to the use of emery wheels for fettling 
castings, and that is the size and weight of the castings. Ail 
castings, whether iron or brass, not too heavy or unsliapely to be 
readily handled, should be fettled by the solid emery wheels; and it 



CLKANING AND DIIESSING (JASIJNG.S. OSl 

9 

is placed Loyond dispute, by tho experience of years, that this plan 
is cheaper and more pra(5tical than any other. 

We see little reason to doubt that the solid wheel will, in 
time, entirely displace the grindstone. There is really no advan¬ 
tage in the very large s'ze of grindstones, and the great variation 
bdwoen their maximum and minimum size causes much incon- 
veiiien(?e to the workmen. The size of emery wheels is such 
that ihey occupy but little space, dnd are mounted with the 
greatest ease and speed. They are so strong that they can be 
run at an immense speed, and, being cc^posed of anguhir grains 
of a mineral only inferior in hardness to a diamond, they cut 
much more rapidly than grindstones whose uneven texture is 
mainly caused by round and water-worn particles of silica. While 
tJje stones have to be roughed and picked from time to, time, 
no I'eally good emery wheel ever requires such treatia|nt, pie¬ 
s'“iitiiig always a fresh, free, sharp-cutting surface, 'fitj'conse- 
(Hienco of the hardness of the surface and the very liigh speed, 
the work needs to be lightly touched to the wheel, and tho 
selection of heavy men as grinders is done away with, as are 
also tho swinging boards, housings, and appliances for getting 
]'ressijre. Owing to the moderate size of the wheels they can 
be ('iisily turned with diamond tools, and thus always revolve as 
ia rlect circles, instead of becoming eccentric as the stones do. 

W'iien green s.md castings are comparatively small, and pro¬ 
duced in considerable quantities, tho process of dressing may be 
very niuch simplilied by placing them in a barrel-pbape(\ revolving 
eliamher, such as that illustrated in Fig. 263. Here the power is 
coiiveyc'd by belting from a main shaft, and finally transmitted to 
llu! revolver by means of spur-wheel gear, as shown. In some of 
tlie Ijiier arrangements, the spur gearing is replaced by friction 
wheels, and tho barrel supported at each end on roller bearings. 
’The charging referred to is by way of an opening in the side, 
caused by the removal of one of the iron staves, which is afterwards 
lield in ])osition by mea^ of hinged bolts fixed at each dead end of 
till' biiri el. 'I’he ends of^e staves usually have running out slotted 
holes, for the passage of the bolts intc' the fixing positions shown. 
'I’heelfect q| continued rumbling and tumbling of the varioiis small 
castings over and against each other inside the revolving barrel is, 
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that their exposed surfaces surfaces become quite clean, free from 
sand, and even polished; the sharp ed^es, too, become quite roiiiicled. 
For this latter reason it will be seen that the ruuibliii« process is 
not suitable for certain castings of an ornamental character, the 
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ornament or other design on which, instead of being in sharp relief, 
■would be considerably rounded off, and, in some instances, quite 
obliterated. 

Fig 265 illustrates the Boyer pneumc^ic hammer, recently 
introduced into this country by Messrs. Tait, Howard and Co., and 
extensively used for caulking the edges of steel pluies, beading 
tubes, and other similar purposes ; also, more recently, for the 
heavier cjiipping wnrlt, and other operations in the dressing of 
iron and steel castings for whidi the hand hammer has hitherto 
been used. \A’ith this pneumatic hammer, the head or hammer 
end of the chisel or other tool used, L (Fig. 265), is sjiccially 
formed so thftt it enters the neck bush K, and so closes the outer 
end of the hammer cylinder A. The extreme end of the lool L 
must project slightly into the interior, to receive the succcssivii 
blows from the. reciprocating bammer piston P H, as shown 
ill Section 1. Tlie method' of operati||^ this hammer, as, for 
instance, chipping and dressing castings, is clearly shown in 
Fig. 264, in which it will be seen that .the left hand as usual 
holds the chisel, while the right supports and #^irccts the 
l)ncumatic hammer, and at the same time presses it forward 













liOYEIl INEDMATIO IIAAnil'K FOR liUl-SHIVG GVSTINGS. OSo 

f,i) its \york. With the eftrlior forms of pneimiiific liiimmcrs 
llio sciisaiioii caused by the repeated shocks, correspoudiug to 
ciudi r(?i;iprocation of the hamm^ piston, was very disagrce- 
jililo; hut, with the most recently constructed hammers, such as 
ihat sliown in Fig. 205, very little shock is felt, and where 
ilit y are jiow adopted, the men, after the usual prejudice at first 
jiLJiaiiist hihour-siiviug ap[)liances, have come to look on their use as 
(tl' (!oiisideraMo adv^tage, by increasing the rate at which straight- 
ioiward heavy chipping work can be done with comparative case. 
'I'liis is indicated by the claim that one man (comparatively unskilled) 
Avifh a pneumatic hammer and chisel can do the work of four ex- 
])(‘ri(‘iu‘(;d dressers chipping in the usual way with a hand hammer 
and cliistd. 

In operating the pneumatic hammer, tlie air under pressure 
(usually 80 i)Ounds per square inch) is conveyed by a liigh pressure 



Fig. ‘261. 


llevibie hose A PIT, as i^own in Fig. 264, connected to a screw(‘(l 
jiipph; or union inserted at ST, near the lower end of the handle. 
'J’he high pressure air is admitted or cut off by moans of a small 
piston valve P V, conveniently opened by the thumb of the right 
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hand which presses down or relieves the trigger II, as shown in 
Section 1. 

The successive reciprocatin |5 movements of the hammer ])iston 
HP, are regulated or controlled automatically by means of a single 
ring-shaped piston valve: this valve is turned out of the solid bar 
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r djO’allUfLtj/'l* 

Fig. 265. 


of steel, an enlarged efetalion of which is shown to the left. The 
valve chamber and the hammer piston, P.H, are shown in f^rclions 

I * jijfi- ^ 

1 and 2. The position of the distributing;piston valve ivLilivo to 
the various ports and passages, and corresponding to the two cx- 
tieiue positions of the hammer piston P H, is more ch?arly sliowu 
in the two enlarged Sections 3 and 4. Section 3 shows the hollow 
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piston \alv(^ in the position corresponding to that of the hnmm(r 
])iKton P H, shown in Section 1, and by which tlie latter is cans'-d 
to niiiko the inward stroke. Section 4 again shows said piston 
valv(; ill the position corresponding to that of the hammer piston 
P M, as shown in Section 2, by which position the high pressure 
air is admitted to the rear end of hammer piston PH, wliich is 
tlior(‘l>y .forced again to the outward position already referred to, 
where' it is aneste^d by impact and its energy of motion-imparted to 
tilt' cliist'l. The latter, by the greater energy applied, is made to 
pi'I lor 111 II corri'spondingly increased amount of work as compared 
with the ordinary hammer and chisel as usual, ie. by physical 
lorce. 

'I’ll!' reciprocating movement (f the distri mting piston valve is 
ohlfiiiicd ly allowing the inlet pressure of air to act alternately on 
the Iavo annular artsas, a and h, which form the t\YO op[)osite faces 
of lh(' llange of gr(;atf-"^t diameter, us shown in the elevation. The 
high pressure air is admitted behind the hammer piston P H, by 
way ot the various holes W, then round the tail end of ring 
valve, which forms the annular opening P, as shown in Section -i, 
'J'lu! inlet air pressure in th«i|i^nular chamb(;r e is at tbe same 
lime acting against llio annular area of valve at d, and thus holds 
the valve in this position until the completion of the outward stroke 
of the hammer piston P H, when the valve, as already stated, has 
again taken np the jiosition shown in Section 3. 'I'hus the air, 
alter doing wDi k in the outward stroke, is allowed to exhaust freely 
by \Yay of the trircnlar slots I (shown on the per^hery of the flange 
of valvi') and grooved passage A, communicating with the outlet 
])ass.ig('^- i and h. The return stroke, agaiifi|||[|^^ by the air 
inlet jufssnre findingits.way through thecor^lroicating uncovered 
ports and passage, T' and T, forme^l in the cylinder, which lead to 
the laigf'r annular area of face c of flange on valve. The valve is 
again reversed, accoriihigly. The inlet air, it will he seen, fills tla' 
annular chamber e, which communicates with the front or face end 
of hammer piston PH, by way of the small passage S, shown 
doitc'd, and commiinicating with passage E in the cylinder.* 

Fill-tilltlior (letnils nnd description of the variona inte^te niu rations rc'- 
(|iiir<(I to priKlucc tlic blows of the hammer ptstoa HP in%pi(l snmisnioa, mo 
‘ Kii”iiu!('iiu}i,’ Fob. ‘ift, IStlS 
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Cleaning Castings wihh Sand Blast. 

Another application of air under pressure is that for the purpose 
of cleaning the surfaces, and lemoving the sand scale, etc., from 
castings. This process was first introduced by Tilghman, ,m 1870, 
for the purpose of cuttiug aiil perforating hard substances such as 
glass, and, later, for the clea ing and finishing of steel files, lor 
which purpose it k now extensively used with such marked success 


vje 



US to suggest its application for the purpose of cleaning the surfaces 
of iron and steel castings—now carried on with the most satisfactory 
results, as indicated by tests which show that one man can remove 
scale from a casting at the rate of four square feet of surface jter 
second. 

One form of sand blast apparatus, made by the Tilghmau's 
Patent Sand l^st Company, Limited, near Manchester, is that 
shown in Fig. !^G, from which it will be seen that the supply of 
air under pressure (from 5 to 15 pounds per square inch) enters at 
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:ilv)ut luilf-way up the side of the outer casing O C, and may be 
rc-giilulcd by means of the cock or valve A C to the desired pressure, 
wliicli will be registered on the pressure guage P G, The air under 
pressure, it will be seen, acts directly on the upper surface of sand 
ill the hopper S H, and also on that portion of the sand expos'd at 
tlie lower orilice 0. The combined effect of these opposing pressures 
is to enable the sand to How or gravitate readily downward by its 
wt ight into the air channel A C, the supply of sand l)eing also 
leguliited by a shutter valve S V, operated by the hand lever H ; 
tlio amount of opening being capable of adjustment by means of 
the set pill or stojiper S. By these moans it will be seen that the 
air, t'i)t('riug the apparatus under pressure, at once finds an escape 
by way of the hori/ioutal channel A C, and, in rushing past the sand 
orilieo 0 , carries with it the desired quantity of dry sharp sand, 
which ultimately escapes, in the form of a sand blast, from the 
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nozzle S N (shown in section Fig. 2G7), at the end of a suitably 
flexible tube F H; so tliut it can be directed liy haul to the sur- 
laces of a casting, which it strikes with such force that it soon 
jiroduces the desired cleaning effect suggested. When the liopper 
S11 becomes empty, and a further supply of sand is required, the 
air ])ressurc must be cut off by the valve A'||||- Then the sand Ls 
iuldcd by way of the funnel F, pushing downwe valve 0 V at the 
same time by means of the rod V B. For cleaning castings the 
sliarp sand used should first pass through a sieve of 20 to 00 
jueshos to the lineal inch. 

< ast iron as a substitute for sand is also used in the form of 
globules or grains, which are produced by a jet of steam acting on 
a stream of molten iron so that the metal becomes atomised int > 
the liiK' grains or globules referred to, and these are projected 
directly into a tank of water, in order that they may bo ra]udly 
coided c-r chilled and sufficiently hardened for this blast proce>s. 
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The advantage of the so-called iron sand over the use of ordinary 
sharp sand is, that the grains of iron are not broken up so readily 
as sand grains are by the force of impaut against the suri'acit 
operated upon. There is also a considerable diminution in the, 
amount of dust formed when “ iron sand ” is used, and the worJc 
done is performed much more rapidly. Iron sand lasts from ten to 
twenty times longer than the ordinary sharp sand. 

By the method of application illustrated in Fig. 26G the sand 
grains (which by the rebound may carry them from 2U to oO feet), 
after doing work, are dissipated and lost; and this, apart from tlie 
expense, is a considerable inconvenience, and even danger, to tin' 

operator unless he wears a helmet sm-h 
as that shown in Fig. 2(i8, into whic h 
pure air (about 1 cubic foot per minute) 
is injected by way of the tube A T shv)v\u 
connected at the top, while the vitiated 
air escapes through the loose portions 
of the hat. In order to avoid waste 
of sand, these operations arcj .soiuetiincs 
carried on in a specially arranged Wasting 
chamber, with suitable voiitilalion, and 
with special arrangements for collecting 
the sand and returning it to the Idast 
apparatus, as indicated in Fig. 269, which illustrates a sand bia^t 
apparatus in combination with specially designed revolving banc 1 
or tumbler,* in which the process of feeding and extracting after 
lieiug cledhed is contmuous and not intermittent. 

In this operatiou of filling the lower cliamluT 

with sand can be p^^med without sto])ping the blast, as in flio 
former example; this is obtained by adopting two chamhois to 
form an air lock, as shown dotted, each having valves Vi aial 
manipulated respectively by the ladles Hj and Hj. The air uiidcir' 
pressure is led to the apparatus by way of the pipe B P, bolted to 
the side, and the sand blast is conducted to the interior of revolving 
barrel li B by moans of four separate tubes, the extreme ends of 
which are fitted with a suitable nozzle N, each of which isarraii,*red 
so as to direct the sand blast against the materials at equal intervals 
along the whole length of the barrel The castings thus tniatcd, 
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from tlie iimo tliey niter the barrel by the charging hopper (' IT, 
iire caused to travel along slowly until they ultimately fall out into 
cdiiunber B at the other end, where the sand and scale arc deposited 
along with the casiiiigs on a grating 0, placed at a suitable angle, 
and tlirongh which the sand falls into the lower hopper 1111, wliile 
th(^ cleaned castings slide down and collect on the upper side of the 
grating for removal 

The sand collecting in the lower portion jf hopper H Is con¬ 
ducted automatically into the main return pipe D, through which 



it is drawn by a current of air put in motion by means of the 
(‘\!iiiust fan, and is thus raised again into the upper portion of the 
Miist a])])aratu8 to be again used. About 3 inch of water column is 
lilt' vacuum required for this purpose. The pipes E P, on the top 
ol' till' blast apparatus and the chamber B, each 12 inches diameter, 
arc retjuii'ed for exhausting the dust-laden air, and by this means 
the sand is maintained clean and free from the useless pulverized 
sand resulting from the process. To assist the exhaust or draught 
fiction a small jet of air or steam pressure is placed near the end 
ol‘ tliese pipes E P. 
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The barrel is mounted witb two tyres K, which rest on suitubla 
roller wheels W W; the latter, being keyed to the shaft S, are 
made to revolve by. worm and worm-wheel gearing driven by bell¬ 
ing, as shown. The barrel is therefore made to revolve by friction, 
and is prevented from moving endwise by the flanges on the small 
driving rollers W. as shown. 



. CIIAPTEIt XXVIII. 

EXAMPLES OF POUNDUIE8 ; COST OP MOULDINO AND CASTING. 

The planning of a foundry is dependent upon so many varied 
circninstunccis, that we cai|piot here do more than mention a few 
of ili(5 cliief points demanding attenlion. We may remark that a 
well laid out foundry will always return greater profits to its pro- 
]jriotor than would otlierwise be the case; and it must he remem¬ 
bered that the construction of such works is iKicnliarly the province 
of an engineer who is familiar with the operations to be conducted 
therein. The foundry should, where possible, be built near some 
navigable stream or canal, and adjacent to good railway depots. 
'J'lie space appropriated to the works should he ample, so as to allow 
of future extension, and the buildings may be of brick, with hip 
roofs, and amply lighted. 

Stores for the raw materials should be roofed in, and near the 
lurnace-house. Much waste is occasioned by leaving the pig iron, 
colvo, sand, and the like, unprotected from the rain; besides, this 
practice is very unsightly and untidy. 

The materials for core-making and loam work shouM be stored 
in a separate shed, close to the loam shop, where the mills for 
grinding the loam should, if possible, be located. 

The fettling shed should always be under cover, as the castings, 
wIk u run there to he cleaned, are hot, and will suffer severely 
.from unequal contraction if exposed to,rain or placed upon wet 
ground. 

The main principle for guidance in the Arrangement of the 
various departments is, to place them so that the materials may he 
transported in their various stages with a minimum amount of 
haulage and delay. The examples given in the following pages 
illustrate other points to which we need not allude furllier. 

'rho wlieel foundry of the Pennsylvania Ihiilv/ay Com}>any, at 

2 V 2 
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Altoona, is sliown in Fig. 270. It forms a wing of the main 
shops, and is a brick structure, with roof trusses of wrought iron; 
tlie roof covering is of slate. The main portion of the fonndrv, 
which is 138 feet 6 inches long by 71 feet G inches wide and 35 feet 
high, contains the moulding floor. It is lighted by eleven windows, 
each 21 feet high and 8 feet wide, as well as by a raised skylight 
containing sixty sashesief. Ventilation is obtained by lonvD's in tbo 
raised sides of the skylight. On one side of this moulding floor 
are placed the cupola chamber, 29 feet by 40 leet, tlie engine 
house, 30 feet by 30 feet, tbe boiler house, 30 feet hy 1.5 led, 
a core room and ovens of the same dime|piions. The opei iition-' oi 
annealing an(l finishing the wheels are prepared in a wing of tiu' 
foundry, 94 feet long and 56 feet wide. The general arraiigi nKiil 
is shown in the plan, and the two vertical sections show details of 
construction. The wheel foundry is furnished with 13 hyduiulif- 
cianes, arranged as shown in the plan. The ordinary working 
pressure for these cranes is 450 lbs. per square inch. Each ennn^ 
is free to swing entirely round, and controls a circle 13 feet in dm- 
raeter. They are unsupported at the top, but are well secuied to 
masonry foundations. The jib does not rise and fall, but can ic'; 
at the end a sheave, over which a wire rope passes and is hrongld 
hack to the centre of the crane, where it is attached to the jn'ston 
of the hydraulic cylinder, the travel of which raises or lowfus the 
weights to be moved. The circle of 13 feet diameter, whi(th forms 
tbe sweep of tbe crane, is sufiiciently large to give space for iiib'i ,i 
moulding fiasks for v heels 33 inches in diameter, which is tho 
largest size used by tbe Pennsylvania Railway Company. I'lio 
exact position of each mould round the circle is marked hy an iron 
ring, that forms a level seat for the flask, so that little time i,-< lo.>t 
in arranging the flasks in their places and in the proper position 
for pouring. 

We may here mention that the foundry floor is laid with cast- 
iron plates, provided with narrow-gauge tram grooves, in which two¬ 
wheeled trucks are run, transporting the flasks to their respoedivo 
j)laces. 

In the foundry, and immediately beneath the cnpolas A, shown 
at one side in the plan and vertical section of the wheel foundry, 
ia jdaced a large ladle B, holding about 20.000 llis., and mounlod 
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on trunnions. This ladle is operated by liydraulic powr r, and 
is coinjdctoly under the control of the workman. Troughs C 
I'roni <lje tapping holes of the cupolas, conduct the melted metal 
into it. It was found advisable to employ a ladle of so Lirge 
a cajiacity, because, by doing so, a more complete mixture of the 
(li(ler<'4it iron.s is eliected, than would be the case if a smaller vessel 
vcji' eiu])k>yed. 

d lirre are two Mackenzie cupolas, A A, belonging to tins de- 
ji.iitiuent. They are rectangular in section, raeasuriug 7 feet 
(J iindn s by .3 feet 6 indies at the boshes, and 8 feet 6 inches bv 

if 

1 feet (1 iiiclies at the largest part; the distance from the tuyeres 
1.1 llie (lunging kvel is D feet (5 indies. The tuyeres form a 
(•Millinnous op(‘niiig inches wide, and e.vtend round the cupola 
at a i.on^lit of H inches above the Hour, when tlu^ Litter is readv 
tnr charging. No flux is employed in melting the ehargo.s, and no 
}irovi.-'ion is made lor tajipiiig the slag. The average {|Uiintity of 
nictul that can be run Iroin each of these cupolas, liefore th*- 
Inyen s become so clogged as'to impair the working, is (>r),UOO lb'. 
It IS triK' that a iJl’gor quantity than this can be run off in a 
Miiglc heat, bnt it is found that so large a charge doe-s not jirodiici* 
metal of a quality siillicieutly good to fulfil the requirements for 
(MS I wlieels. 

In 0111 ^ (‘orner of the cupola diamher is a siu ill furnact' having 
a e:i]>:icily of 20t)0 lbs, 'I’his is used entirely for exjierimeutal 
]t,ipnses, ior melting sample irons, and for Uying the results ol 
ibii'eient mixtures -a very necessary process in whe^ castings, 
y iiere marked diilcrenct‘s exist in pig irons of the same brands. 

Tile eliargiiig stage of tho cupola is placed 15 feet 6 inches 
uboY(‘ tlu' floor lc\el, and is formed of iron plates. The charges 
are raii’-cd to the stage by an hydraulic lift. The charging room 
• is 1 1 icet high, of the same size as the cupola house, and it is well 
lighted fruiii above. 

'file coiv ovens are placed ^ the end of the core room, behveon 
the latter and tho foundry, and they are so arranged tint the eoros 
ciin lie placed ill the oveiis from tho core room and tak**n out dirt'ct 
into till' foundry, so that the handling of the cores is rodneed as 
far as possible*. Tlio annealing room D,shown in jdaii and Mi tieal 
seeii-tii, eonlains 41 pits, I’l E, arranged in one wing of the Iniilding. 
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Tljoy arc disposed in two concentric circles, tlic outer riui; conf^iin- 
in<; 24 and the inner 20 pita. In the centre ii placed a hydraulic 
(uano, arranged like those in the foundry, and made to nwidvc 
also by hydraulic power. The pita are cylindrical, and arc made 
of sheet iron lined with firebrick. Outside they are surroundod 
with a bed of dry sand. Each pit has a capicity of twenly 
wheels. 

Adjoining the annealing chamber is the cleaning and ins])(.'(*tin}^ 
shop G, where the wheels are stripped of sand that may adlKU(^ ta 
them, the core^ are broken out, and the wheels are testid by lx in” 
struck with a haaimer. The floor of the room is above the ground 
level, being raised to the average height of the freight-car plul- 
lorms for convenience of loading. The cleaning rocjm is j^avod 
with oak blocks, laid with the grain on end. At one end of tliis 
dtpartment is an hydraulic drop weighing 1200 lha., and laiving 
a lall of 13 feet. With this, wheels that have faile<l to pass the 
tost or which have been worn out in service, are broken np ju ior 
to being remelted, in the cupola. * 

A tramway, 2“foot gauge, is laid down tHIbughout the iimiidry 
and yards, for convenience of shifting materials. 

Tlie o[)eration8 are carried on in a mode almost identical with 
that practi.sed in the works described at page 270. 

I’he foundry of Messra Howanl, the eminent agricuKural 
implement makers of Bedford, is shown in Fig. 271, d’lic mam 
building is 2r>8 feet long by 235 feet wide. Tlie roof is of ^\oo.l 
and iron, the principals having timber rafters irussod with iron. 
'J'he whole is covered with white pantiles, machine made, and ”1 s- 
skylight tiles. A portion of the building is divided from iho 
foundry proper by a wall, as shown in the plan and tran^viMs.; 
section. The space thus set apart is occupied by tlie sand slttvt', 
into which the sand is shot from the railway trucks tlirough 
openings, the shutters of which flap down on the truck side, llio 
two core-drying stoves, the enpo^ room, the engine room, tin; 
template store, a pattern Horn, a boiler house. Over tli<;.so 
run stores and tlie puttern-makeiu* shop. 

The arrangements for melting the iron firat claim our atientinn. 
There are four cupolas, two of which stand at each side nt I ho 
entrance gate, as shown in the longitudinal section. 'I’he iipiter 
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floor is intercepted to give room for the cupolas, the space being 
crossed by a light iron staging, nsed to supply colcc and iron, whicli 
are raised to the level of the charging floor hy two small water- 
In lists, precisely similar in principle to those used in connection with 
blast furnaces. Each consists of four columns acting as guides, 
between which rise and fall two barrow stages, beneath each of 
wliielfiri a tank, filled, when neces^ry, from a cistern or tankover- 
In ad. 'I'lie descent of a stage follows on the filling of its tank with 
wider, and in descending it drsiws up its fellow, by a chain passing- 
fivrr a iinlley, the rapidity of descent being controlled hy a simple 
bralo!. The water is discharged at the bottom, and drains away, 
tn lio again pumjied u^l. The distance from the ground to the 
cliaigiim hole is about lt5 feet. The cupolas are constructed on 

irelan.i's system. Two of the furnaces will melt between them 

•> 

'J,') to tons per day. Tlie metal melted for general casting 
cuiisists lor the most part of about two-tliirds pig, four sorts, and 
one-third scrap. For ploughshares, which are chilled, the iron 
used is \ery various and of the highest quality; none other will 
talo‘ tiio requisite chill and yet be sufficiently strong. The eritiio 
eiqiol.i work is dont' by ])iece-\York, one man taking the breaking, 
nifltiiig and serving out at a fixed price per ton. The cupolas are 
>up]di( d with air by a fan. This fan is fixed overhead, near the 
pal torn slioji. It run.s at 3oOU revolutions per minute, and is 
ahiio.'-l noi^eloss. The bearings of the shaft are of great length, 
and are of east iron. 

'.riie iron is served out on large ladles, carried^on truebs, 
iiiiiiiing on rails laid to a 2-toot gauge, traversing the entire 
iiiiiiiilry ill ev(‘iy reipiired direction, the crossings being fitted with 
little turntables. The rule is, no moulder is to move from irs 
jilace for nu'tal. The mils are laid on cast-iron sleepers. The fan, 
lioist pumps, and other macliiues, are driven by a double-cyliiidtT 
horizontal engine, mining at a high speed. 

A great deal of the moulding is done with moulding machines. 
'rin* })attern stands up over a flat cast-iron table, a flask is put on 
the table, parting sand sprinkled over the pattern, and the flask 
lainnu'd up with moulding sand; a handle is then turned iiiuler 
llie table, and a peculiar screw arrangement is put in fiction, by 
w liich Die pattern is drawn down from tJj^ flash, which is then ;uly 
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to take its place above or below a similar flask, in wbicb the other 
half of the article to be cast has been similarly moulded, the cort'S, it 
any, being first put in. These cores are all made by special liaiids ; 
no moulder ever makes a core. The stoves are very complete ; one 
being heated from the waste gases from the boiler on their way ti> 
the chimney, the other by a coke fire in the floor. 

Fig. 272 shows the plan and elevation of a large foundry in tlu' 
north of England, which was specially arranged for heavy marine 
engineering work. 

The pattern-makers* shop and stores is about-48 feet by .".*> fet t, 
built of biick, in three stories, the flooring being supported by iron 
columns, gates and loading doors being •provided to the ground 
and first floors. Fixed wood racks are provided in each for Ihe 
l)atterns, and the whole is covered by a hip slated roof. 

''J’'ho main foundry is a lofty building, about 140 feet long by 
71 feet wide, built in two bays upon brick end walls, Avhich rise 
some 14 feet above ground, the remainder of th(' structure Iwing 
timber framed, and glazed and covered by a slated hip louvre roof; 
massive timber-framed gauntries are arranged in each bay, giving 
a clear lifting height of 21 feet to the under side of the crane 
barrel, one of the gauntries being continued into the outer yard Cor 
a distance of 100 feet beyond the building. The circular moulding 
pit is of brick, and is 18 feet in diameter; it was made specially for 
(5asting large screw pfopollers. 

Inhere is a smaller foundry, built entirely of brick; this is 0.‘> feet 
by 04 fcfct, and is covered by a slated tiinlx:r bip roof. It is also 
j)rovided w\tli a gauntry for overhead travelling cranes, and lias 
fixed lienchcs, the smaller mouldings being done here. The sjiacious 
core shop and drying stoves are all fitted with woll-mailo iron 
sliding doors, and the latter with furnaces, 1 he premises throuiih- 
onl are lifted with gas and water piping. There is a siding from 
the main line for delivering goods into the yard and removing theiii 
from a timber loading stage, beneath which the stores for coal, 
coke, and sand are arranged. 
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Cost of Moulding and Casting. 

It is diflicult to lay down general mles on a snhjoet so nnicli 
o])C]i to the modifications of circumstances and fluctuations of 
jiriccs as the cost of moulding and casting. 

M>»ulding of the common articles of commerce and machinery in 
iron is generally paid for at a price per ton. Dry-sand moulding 
is ]):iid higher than moulding in green sand, and loam mould¬ 
ing liigher than cither of them. The monlding of brass, bronze 
or otlier metals, for monuments of art, is of such variety—and so 
diircrciit arc the expenses—that no standard price can he assigned 
to it. 

In the general management of a foundry nothing is of more 
iiii|ioit:inc,e to its proprietor than an intelligent system of hook- 
Kc('|>ing, wliich, without boiug needlessly minute in detail, still may 
enable him to arrive with tolerable accuracy at the cost in materials, 
labour and interest on plant, of every important piece of Avork per¬ 
formed on the premises. 'J'his system enables a founder to send in 
a tender for any special work with ease, rapidity, and almost perfect 
safety, and is also useful as a check against waste of time and 
materials by the men. 

Ill ordinary foundry practice, with its Aurious forms of eastings, 
it Avill he found that there exist certain chaiges relative to tho 
weight of the casting, whieli are either constant or approximately 
so, according to Avhetber the easting is produced by the fu^-ecn-sand> 
dry-sand, or loam process,,and it will now be the object of the 
writer io place a value on each of the various items of cost involved 
in the production of castings, A\'ith due regard to the particular 
])roc»‘SS of moulding adopted. Such values, of course, can only 
rtpre-'fiii average practice, and it must therefore be left to tlu' 
vx])('rionced foundry manager to suggest the necessary variations 
and exceptions to the general rules laid down. 

In making up these items of cost, the prices for the various 
niaiiTials referred to arc approximately those current for dcliviTy 
at I'niiiidries in (llasgow during the first quarter of Ihe year JMOO, 
and it should he noticed that the prices are very high Avlieii com]>an d 
witli those current for a considerable pcr.'ud prcvioiis to that dale 
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y'liGSO remarks apply more particularly to the prices paid for pig- 
iron, coke, and coal. 

Cost of Eemelting Pig on Scrap Iron. 

An important item of expense in the production of iron castings 
is due to the necessity for reinelting the iron in a cupola ot other 
suitable type of furnace. Take, for example, a cupola working 
under good average conditions, the position of which relative to the 
foundry proper has been fully considered so as to avoid excessive 
handling of the metal, coke and other materiiils used in coiuiection 
tlierewith, see page 116. The dimensions of this cupola to be such 
as will conveniently melt pigs or scrap iron to the necessary liquid 
state at the rate of six tons per hour when in full blast, with an 
average coke consumption equal to 3 cwt. per ton of iron iiudted, 
including the first or bottoming charge of coke. Under these 
assumed conditions the total cost of remelting—including the 
coke consumed, 5 per cent, loss of metal, maintenance of cupola, 
lime flux, manual labour for charging, steam for engine driving 
blowers, stores, and other sundry charges—is fairly represented 
by an overhead rate of 15s. per ton of castings produced ; although 
this may be exceeded even to a considerable extent in many casc-s, 
such as for instance when the demand for liquid metal is very 
irregular, or the quantity required is much below the melting 
capacity of the cupola in operation. These and otlicr more or less 
f:ivourable|circumstances must therefore be carefully considered in 
order to olbtiiin the beat results. It is,Jhowever, the current price 
of coke (at present SOs. per ton), and the quantity consumed per 
toil of iron melted, which chiefly afiect the total cost of renielting 
j)ig and scrap iron: and the best results known to the writer are 
tliose stated in page 129. 

Cost of ^Toulder’s Blacking. 

'riie quantity of blacking required to protect the moulded fac,cs 
of sand, for the production of good clean castings, being rather 
variable, an average of 28 pounds of dry blacking (wood or mineral) 
has boon fixed for our purpose here, as representing the amount 
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used i)(3r ton of tastings, -wlietlier produced ingrceii-sand, dry-saiid, 
or loam moulds, so that for this element the cost depends on the 
quality oil blacking used, viz.:— 

2S 11)8. of mineral blacking, at 2.')8. i)er ton = tt'ld. per ton of ratstings. 

2S lbs. of wood „ - 7il«. „ = lljd. „ „ 

28 Iba. of patent „ 808. „ = 12£l. „ „ 

• 

d'li(;se figures show the importance of a proper selection of 
tljo quality of blacking to be used, with a due regard to the 
purpose for which the casting is requireil ; as indeed for some cast¬ 
ings ])r. dueed in green-sand moulds, which are subsequently built 
up out. of sight, the use of blacking may almost be dispensed with, 
except at certain critical points of the mould, as pointed out in 
jjages 2DU and 300. 


Cost of Coal Consumed in the Drying Process. 

In ordinary jobbing foundry practice, with drying stoves of tbe 
usual form, illustrated in Fig. 201, in wdiich the coal is burnt on 
ail opmi grate surface of considerable area, the weight of coal con¬ 
sumed is fairly estimated when taken equal to the weight of castings 
])roduced, either fiom dry-sand or loam moulds. In this estimate 
the moulded structures arc assumed of such dimensions that they 
aie roquiied to remain in the stoves over a period of two days and 
niglils in order to insure that they are thoroughly dried and ready 
for tlie easting process. « 

Tlic consumption is, of course, a variable quantity, which will bo 
greater or less according to the relation existing between the weight 
of sand or loam and the weight of casting produced, but even under 
the most favourable conditions, in which the quantity of sand used 
is rodiiecd to a minimum, and the form of stove specially arranged 
'to suit the particular class of work, it will bo found that the quantity 
of coal consumed is seldom less than one-fourtb of the weight of 
casting, i e. 5 cwt. of coal per ton of coastings produced, the thickness 
of im ial ill whicli varies from ^ to 1 inch. 

'rii(‘ quality of coal used in ordinary practice is known as 
tripiiig in tlie Lanarkshire districts, and costs 1 (is. }.cr ton delivered 
in Glasgow at tho time relerred to in page 315. 
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For the larger sized stoves, in which the drying process is con- 
1 lulled throughout the night, it is usual to pick the In nips of coal 
in order that the rate of combustion he not too rapid, hut main¬ 
tained throughout the night without the attention of anyone, which 
otherwise would be necessary. 

Take for example an ordinary drying chamber or foundry stove, 
20 feet long, 12 feet broad, and 12 feet high, capable of ri^cc-iving 
the various moulding box parts, cores, etc., to yield one ton of cast¬ 
ings : the grate for this ^ould be about 4 feet long and 2^ feet 
broad, equal to 10 square feet area, and on which can be built 
10 cwt. of coal in large pieces. The method adopted in building 
these luDips depends on the rate of combustion desired; i'or a quiclv 
burning fire the pieces of coal are arranged so that the surfaces of 
cleavage are vertical, and for slow rates of combustion the clcavagi^ 
luces are arranged horizontally. By observing these details, along 
with the proper spacing of the lire bars and adjustment of the fire- 
door, the process of combustion can be regulated, if desired, so that 
it is maintained throughout the night as already stated. 

When foundry stoves are of the above dimensions the various 
])icccs of moulds, cores, etc., to be dried are preferably built up and 
suitably arranged on one large (or two correspondingly smaller) 
bogie carriages, made up of cast-iron framing and plates, each 
mounted on four cast-iron flanged wheels, about 24 inches dia¬ 
meter, to run on rails of malleable or cast-iron, and in some special 
cases on cast-iron floor-plates, held together by means of lugs and 
corresponding spaces, which dovetail into each other, 'fhese rails 
or floor-plates should extend sufficiently outwards along the foundry 
floor, BO that the various pieces of moulds built on the cariiuge may 
hi brought within the range of a crane, or other suitable lifting 
gear, iu order to facilitate the handling of heavy pieces. 

CosT^OF Moulding Sand and Loam. 

-f ^ 

In the consi ruction of green-sand moulds the major portion of 
the materials consist of Band which has been previously usiid, and 
has become black by the constant addition of coal-dust, hlacbing 
and repeated handling (see page 289). This black sand, which 
constitutes the sand bed or floor of foundry, is always ])li‘ntiful, 
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owin" to tliO quantity of new rock sand added daily in the form of 
facing sand. So much is this the case, that the level of the foundry 
floor would rise soon to an inconvenient extent hut for the daily 
removal of an equivalent quantity which adheres to the castings 
on the outside and inside, to be afterwards cleaned off by the 
dressers. 

151?u!k floor sand has, therefore, no intrinsic value as such, it 
having been already paid for when introduced into the foundry as 
new rock sand in the composition of facing sand. The portion of 
sand referred to as adhering to the castings produced, being con¬ 
siderably scorched, is of little use except for making up first coating 
black loam, and that j)ortion not so utilised has to be carted away 
as rubbish. The cost of carting is therefore a source of expense, 
and should be charged against the cost of materials at the rate of 
say Is. dd, per ton. 

Facing Sand fob Grbeksand Moulds. (Composition 1, page 290.) 


£ g. d. 

]() tnn.s Mnck floor sand . iiil, 

.'i toii.s new rock sand at Ss. per ton.. .. .. ..200 

1 ton coal dust at 218.110 


10 tons iiieing sand .3 10 


iSlack Band carted away, say 5 Inns, at Is. 3il. 2 )er ton 0 6 8 


3 7 3 


I e. materials only. -.. 0 4 per ton nett 

Cost of l.iliou*, mixing and riddling, sec pp. 000, 301 0 2 0^ ^ „ „ 

Lc. iiettoo.st of facing sand No. 1, page 290 .. .. 0 6 „ „ 


Say 069 


Dry-Sand Moulding Mixtures. 

1‘he sand used for filling up the dry-sa/id moulding boxes 
(after th(J pattern has been covered to a sufficient thickness with 
facing sand) is the sand previously used, and now constitutes tlie 
floor of the dry-sand portion of the foundry, and, for the saiiu' 
reasons as stated for black floor sand used in green-sand moulds, it 
has no intrinsic value as such, and would accumulate, owiug to the 
daily addition of facing sand, but for the constant removal of a 
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CA.-i tain amount wliicli adheres to the castings prod need ; tliis cxeoss, 
and from dry-sand boxes, is used for the production of loam, and 
is seldom carted away as rubbish like the excess of blaclv floor sand 
referred to. ' 


Faciko Sand fob Dbt Sand Moulds. 


1 ton floor rand (dry rand simp). 

1 ton drioil loam powdered down, at Ss. per ton 

2 tons new ruck sand, at 7«. 6d. per ton 

i tons facing sand. 

I.e. materials only. .. 

dost of lalmur, mixing and riddi ing. 

l.e. nett cost of facing sand mixture (dry sand) 


Dbt Sand Cobb Mixture. 

1 ton now rock rand, at 7a. M. per ton .. .. 

1 ton floor rand (dry ssind).. 

2 tons core sand . 

I.o. matorinis only.. 

Cost of labour, mixing and riddling. 

1 . 0 . nett cost of dry sand coro mixture. 


£ 

8. 

d. 


• f 

nil. 



.. 0 

s 

0 


.. 0 

lo 

0 


= 1 


0 


.. 0 

5 

0 per ton nett 

.. 0 

2 


ft 

0 

8 

3 „ 

9f 

Sny 0 

8 

0 « 


£ 

8. 

d. 


.. 0 

7 

6 


• • 

nil. 



= 0 

' 7 

G 


.. 0 

3 

P per ton n(*tt 

.. 0 

2 

G 

ft 

.. 0 

0 


ft 

Say 0 

G 

c « 

W 


Cost of Loam Mixtures. 


Black Loam fob' First Coating. (See Composition, page 2P.').) 

£ a. d. 


18 tons block floor sand (dry rand mixture preferred) 


nil. 


4 tons good clay, free from sand, at 3a. Gd. ptT ton 

0 

14 

0 

G tons carted away, after being nsod, at la. 3d. }H?r ton 

0 

7 

G 

28 tons black loam matciials. — 

1 

1 

G 

l.c. matorials only.' 

0 

0 11 T |K‘r t'in nett 

Cost of Inltuur, etc., grinding and mixing in pun mill 




(see pago 30G) . 

0 

3 

9 „ n 

1.0. nett cost of block loam (see pngo 295). 

0 

3 

113 « 

Sny 

T 

4 

0 „ « 
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Seoond Coat, ob Finisiiino Loam. (Sog Composition, pji^c 

£ s. d. 

10 ton.s fine sharp snnd, at 3.?. (id. per ton. 1 15 0 

4 toiii! coarse sharp sand, at Ss. Gd. per ton .. .. 0 14 0 

3 tons ^rood clay, free from sand, at 3k. Cd. per ton .. 0 10 6 

5 tons carted away, after being used, at Is. 3d ' 0 . G 3 

22 tons second coat loam.. .. .. = 3 5 0 

I.r. Tri'iteriaLs oidy.0 3 10^ per ton nott 

Co.st of labour, etc., grinding and mixing in xibo mill 0 3 0 „ 

I.e. nett cost of second coat or finishing loam .. .. 0 6 lOJ „ „ 

Siiy 0 7 0 „ 

Loam Mould Structurks, conststing of Brick and Loam, 
when the latter is in the following proportions:— 

£ g. dt 

1 ton of black roughing loam, at 4«. per ton .. 0 4 0 

4 tons soft red building brick, at 8«. per ton .. .. 1 12 6 

2§ tons carted away, after being used, at Is. 3d. per ton 0 3 1} 

74 tons of brick and loam . = 119 IJ 

I.e. nott compf brick and loam structures. 0 7 9^ per ton nett 

Say 0 8 0 „ „ 


Ilavili" in tlic foregoing obtained values for the various materials 
used in the construction of moulds, by cither of the three different 
jiroccsses generally adopted, it now becomes necessary to investigate 
what relations exist between the weight of a casting and the weight 
of the materials used, in order to obtain a rate to be charged per 
ton of castings which will cover the cost of the structural materials 
required to produce it. To lay down a fixed charge, however, does 
not meet the case, on account of the extremely varied character of 
the work. It is, however, quite reasftaable to fix a ratio which will 
represent the average proportions existing between the weight of 
sand or other structural materials referred to, and the weiiiht of 
easting produced. In this we have a basis from which it will )e 
easy to make a sufficiently close estimate even with such variations 
as occur from time tc time in ordinary foundry practice. 

If we examine an ordinary example it will be found that tlin 
weight of sand used to form the mould is, roughly speaking, about 
one-and-a-half times the weight of casting produced; and, by 
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adopting this, we find the average cost of moulding sand, etc., per 


ton of casting produced as follows:— 

£ s. d. 

26 cwt. of black floor sand .. 

4 cwt. of fndn;^ Hand, at 6s. 9(2. por ton .0 1 A\ 

I.e. nott cost of sand in a groeusand mould, per ton of cast¬ 
ings produced.0 14} 


Siiy 0 16 


Extra for npeuial exampl<>8 requiring the use of cast or ma11(>- 
nble iron hangers, wood strips, etc., for binding and enp< 
porting hanging sand. 2 cwt. of metal liang(.'rs, at Is. 6d., 

to cover breakages, etc... 0 3 0 

Wood strips to strengthen the extra deep portions of hanging 

sand ready to break off.0 2 0 

I.p. nott cost of sand and binders included, per ton of cast- 
ings of a more difllcalt kind. .. U 6 6 


In dry-sand moulding the ratio between the weight of .siuicl and 
the weight of casting produced may bo taken the same as lor 


green-sand average practice, so that for dry-sand mould the cost of 
sand, etc., is obtained as follows:— 

£ s. d. 

26 owt. of fllHng-up sand . Vil 

4 owt. of facing sand at 10s. 6c2. per ton.0 2 1^ 

I.e. nett cost per ton of castings for sand in dry-sand 
moulding .0 2 1} per ton 


Say 023 

Extra for special examples requiring the use of me^al 
hangers for supporting deep portions of sand mould. 

Bay 3 cwt. of core irons, hangers, sprigs, etc., at 2s. 6d. ,0 7 G 


I.e. nett cost of sand, hangers, core irons, sprigs, etc., 
complete for sjiecial examples. 0 9 9 Ik-i ton 

Loam mould structures, including metal plates, irons, 
etc., as follows:— 

40 cwt. black loam and soft rod brick at 8s. per ton .. 0 16 3 

5 owt. finishing loam at 7s. pe|,ton .0 1 9 

30 cwt. cast-iron building rings, top and bottom plates, 
etc., at 15s. per ton (cost of rcmelting, etc.) .. .. 1 2 C 

I.c. luitt cost of loam and iron structures per ton of 

castings produced. 2 0 3 per ton 

Bpccial loam mould structures require somotimes as 
much ns throe times the weight of casting produced 
in the form of core irons, plates, building rings, etc,, 
that is 30 cwt. extra at 15s, per ton for remelting etc. 12 6 
I.e. the nett cost of brick, loam, core irons, plates, etc.. 


per ton of castings produced in special examples of 
lo:im moulding . 


3 2 9 poT toil 
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Table XXXIV. (page 706) is an abstract of the various items 
of cost ol)iainc{l in the foregoing, showing the probable difrereiiers 
in the nett <*ost of castings, according to whether they are prtjdiiccd 
by tli(.‘ groou-sand, dry-sand, or loam moulding process, and further, 
in order to take into account such differences as occur between tlie 
limits of ordinary and special work, the moulding processes are here 
classified under six different heads, and the different charges named 
niidor each are stated at a rate per ton of castings produced as 
roprosenting ordinary jobbing foundry practice. 

In addition to the probable nett costs of materials and wages 
here estimated, the various on-cost charges, including general 
maiiiigemcmt, counting-house staff, foremen, plant, buildings, and 
sundry other smaller items, still remain to be estimated and assessed in 
or< ler that each casting may be saddled with its due proportion of these 
expenses. For this purpose let us assume a certain size of foundry: 
for example, a well-equipped jobbing foundry, capable of producing 
all kinds of iron castings required for general and marine engineer¬ 
ing practice, including single castings weighin*op to 30 tons, and 
in which the average production by the three standard moulding pro¬ 
cesses combined may he taken at seven tons per day, for five days 
])er week, and forty-eight weeks in the year—the odd days being 
discounted for holidays and sundry bad castings throughout the 
year. 

'I’lierefore the total output of good castings in one year 
= 7 X 5 X 48 = 1680 tons. 

Assuming, also, that this total weight of castings is made up of 
equal (juantitios from each of the six different grades of moulding 
classified in page 706, we obtain the average nett cost as follows:— 

Avcrii"c- lu'lt cost ofcnstiiiffrt, inatprials and wages 

JL. 8. d. £ 8. d. £ s. d. £ 8. d. £ $. d. £ • d. 

* _5 .O 0+9 0 0 + G 0 0+ 12 10 0 + 9 2 O-J-IO 0 0 

6 " ■ 

£ 0. d. 

’=9 12 11 per ton, say 9 12 6. 

'rherofore the total nett outlay IV»r good castings in on© year 
= 1680 X !W. 12«. Cd. = 16,1701. 

In relation to this ascertained nett cost, the following per- 
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ccntages, it will be readily observed, are fairly representative of tbo 
various annual charges to be added under ordinary conditions. 

Siilaries. —CiVeral munagernent, countiag-house staff, three fore¬ 
men (green-sand, dry-sand and loam), time-keeper, gate- 

man and sundry wages. 9 per cent. 

CnpHal. —Cost of land, foundry buildings, plant, including capo- 
liis, cruncs, broilers, pan mills, moulding boxes, and all 
otiier appliances required to lumdie efficiently castings up 
to 30 tons weight. The total value of wliicU is liere 
as-,umt d wjual to the foregoing ascertained total nett cost 
nr aniitial oiltliiy . 5 „ 

SHiulry ( harypg. —Including slenm coal, fumaceinen’s wages, 

g:is, water, oils, waste, lain])B, shovels, etc. „ 

//(i.-w's—Owing to occasional bad castings, etc. 2| „ 

Tlint is the total .rate per cent, to bo added to the already 
asecrtaitied nett cost which will cover these last men¬ 
tioned charges .=20 „ 


And to obtain the total nett cost, which shall include all 
charges, we must add this 20 per cent, as follows :— 


Oreen-S<ind 


Nett eost, materials 
iiiul wages stated I 
oil the foregoing] 

.J 

Siil.iries, eapitiil, in- 
t< I'e.sl ami sundry 
e.liiirges = 20 per 


Add extra for profit? 

Qiintii'g or s< ilingi 
*• ** J 



£ 8. d. 

£ ». d. 

5 5 0 

9 0 0 

110 

1 10 0 



6 G 0 

1 

10 16 0 


Although it is the usual practice to add these charges at some 
fixed rate per cent., as indicated, the method does not always meet 
the case correctly, on account of the variations in nett c^ost of 
materials and wages, while the total on-cost may remain practically 
the same. It may therefore be considered more correct to estimate 

2 z 2 
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these charges with reference to the weight of the casting prodiicefl, 
because the total weight or annual production is leas liable to such 
lluctuations, and therefore a comparatively uniform basis. ^Jlio 
following rates per ton have therefore been estimated as represciitiug 
the various charges on the basis referred to, the sum of which 
must be added to the already estimated nett costs in order to obtain 
the total nett cost which will include all charges. 


Bakries as already detailed 

Capital. 

Bimdry charges. 

LoBsea. 


Kin. ])cr ton 

Ox- „ 

•lx. 


i.t‘. the average rate per toe of castiii" rcqniivd to cover 
the cljtil‘gc'8 referred to.Ih'is. 


By the latter method it should be observed that tlic rate of 
35s. per ton is to be added to the cost irrespective of tlie particular 
method or process of moulding adopted, so that for tw o castings of 
equal weight from green-sand and loam moulds respectively, the 
charge made on account of on-costs, etc., detailed is the same for 
either. 

This method is therefore obviously nnsnitahlc for jobbing 
foundry purposes, in which the major portion of the total outlay 
for plant, buildings, drying stoves, salaries and sundry charges, 
referred to, is on account of the dry-sand and loam moiiMing pro¬ 
cesses, and especially so for the latter. Generally speaking, a 
universal charge per ton of castings is applicable only when the 
castings*^ produced are of the repeat order and by a somewhat 
similar moulding process thronghout. 

The method of adding for on-costs at a rate per cent., as detailed 
in page 707, must therefore be considered the more accurate for 
jobbing foundry practice indicated in pages 705 and 700, with duo 
regard to the current prices for materials, wages, etc., as these 
may vary considerably within comparatively short periods. 

In the foregoing details the cost of patterns has not been 
included because of the almost universal practice of engineers 
to supply these. But even if the patterns were to be made by the 
founder, and therefore charged as foundry work, any attempt to 
obtain an average rate to cover the cost of patterns must fail, 
IvcausB in some instances the casting required is for a special 
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purpose, and tlie pattern not likely to be again used, whereas in 
other cases the pattern may be required again and again until it is 
worn out and unfit for use; between these limits two, three, four 
or more castings may be required from the same pattern. In 
each case, therefore, the correct charge for pattern making, if 
miide in terms of the weight of the castings, will depend on 
the nuTift)er of castings produced from the same pattern. 

In order, however, to give some idea of the cost when different 
forms of patterns are used, the following figures have been adopted 
as representing the cost of a pattern relative to the weight of the 
first casting produced from it. So that, when more than one cast¬ 
ing is reejuired, the price for pattern making per ton of castings 
may he reduced accordingly. 

Nett cofil, time and 

OeSCIIII’TION. niatrrial per cwt. 


of casting. 

Wood patterns iind core boxes complete, vhen an entire 
inoilel is iiifido, such as for stitndard steam engiues, with 
cylinders up to 18 incites diameter and 30 inelics stntkc, 
i.e. piitteiii for stesitn cylinder, solo-p^te, brasses, 
covers, ete., well finished . 20». to 25*. 

Wood patterns consisting of skeleton framings, loam boards, 
sundry liranches, brackets, and other projections to bo 
east nil tlie main body. lOs. to 20s. 

Wood ])iitt(-riis for sundry detacbed lirackets, standards, stays, 

and other similar simple forma of castitigs. 5 k. to lOs. 

Wood tcMiipliites and otlier simple skeleton frames ebitdly 

used in tiic grucu-siind procoss . Is. to 5t. 

Various.—Stucco, iron, and other special forms of ptitterus 
mu.st be considered separately and in relation to their 
particular lequircuieut. 


Thet^ prices for patterns represent the range of nett coat for 
the lighter class of engine and machinery casings, ranging from 
one np to thirty hundredweights each; for castings heavier than 
this the rate to cover the nett cost of patterns becomes less, so that 
lor the heavier class of work, including marine of other such 
castings up to twenty tons and even higher, the cost of the 
patterns, which are usually more or less of the skeleton framing 
class, with special core boxes, loam boards, etc., when reduced to a 
rate per ton (weight of one casting) becomes as low as one half that 
indicated in the foregoing, and sometimes even less. It is, however, 
beyond our scope here to do more than give a general idea such 
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as that oLiaiued from the figures stated. Patterns made partly 
or entirely of stucco, cast-iron and other materials are adopted, 
according to the particular kind of work, also the number of repeat 
castings required. Such patterns are often very expensive, more 
especially if required for plate moulding or for some special type of 
moulding machine, and any attempt to generalise the cost of these 
would be useless owing to the great variation in the amount of 
labour spent in the course of their production. 

Although we have in the foregoing formulated something in 
the nature of a system or series of constant charges, which will he 
of service to the founder for estimating purposes, these can only 
be taken as representing the various items of cost incurred under 
average conditions, it must therelfore always remain for the ex¬ 
perienced foundry manager to suggest such modifications as ho may 
* consider necessary to cover the difi’ercnce of cost in special cases. 
As the working conditions in every foundry are somewhat difloreut, 
it will always be advisable for ihosj whose special interest it is 
to verify the figures here laid down, and if need be to make such 
alterations as will produce other modified constants more aiiplicahlc 
under the particular conditions suggested. 

As already pointed out, the prices referred to have a distinct 
relation to the current prices paid early in the year 1900 for the 
various materials mentioned, and al-o to the current rate of wages 
paid to moulders, viz. 7|fZ. to dd. per hour (loam moulders being 
usually the highest paid class). It will therefore be necessary, 
when usyig these various constants, to give due consideration to 
such variations or fluctuations as occur from time to time. 9'his 
advice applies more particularly to the prices paid for coal, coke 
and pig iron, the of which demands the strictest attention on 
account of the constant changes and extreme limits to which the 
prices for these may rise or fall—owingi'it may he, to speculation; 
the publication of statistics regarding tho state of the iron trades, and 
the rate of production or variations in the stocks of pig iron relative 
thereto ; threatened international difficulties tending to war; foreign 
competition ; and many incidental causes impossible to moution. 

Having obtained the probable total nett cost of castings generally, 
covering all charges, as detailed in page 707, all that remains for 
consideration now is the amount or rate per cent, to be added, so 
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tliat the business may be carried on with a reasonable profit, and 
the accumulation of those sums which are always dpsirablo, and even 
necessary^ as a reserve fund for emergencies, including periods of 
bad trade, (lenerally speaking, the prices quoted must be dictated 
by careful observations from time to time regarding the current 
market values, which will rise and fall, more or less, according to 
the rehitions existing between those two most important factors 
“ supply ” and demand,” always having a due regard to risks and 
terms of payment, cost of cartage, or other means of conveyance 
by land and water, and any other charges to be ascertained and 
duly asRoss(*d, when such items are specified to be included. 

It should be pointed out, however, that during periods of depres¬ 
sion in trade, it may be found more profitable to maintain the works 
as nearly as possible in full operation at prices even less than the 
ascertained total nett cost, as compared with a certain dispropor¬ 
tionate reduction in the amount of work obtained at so-called better 
prices. Inhere is, of course, a limit to the practice of reducing 
prices as indicated, and this is reached (unless for some other special 
reason) when the prices obtainable are less in the average than 
the nett outlay or coat of mateiials and wages involved throughout 
the moulding and casting process. When prices fall below this, the 
amount of work taken in hand should not exceed that considered 
necessary to maintain the works in such order that it will be posvsible 
to proceed at full strength, without delay, when obtainable prices rise 
again above that represented by the nett cost referred to, because now 
the increased price not only covers the nett cost of additional materials 
and lal)our required, but also leaves a balance (be it ever so small) 
which goes to diminish the loss otherwise incurred on account of 
the various on-cost, including interest on capital, staff salaries, and 
oth(fr sundry expenses which cannot be conveniently reduced, and 
have therefore usually io%e maintained throughout these unprofit- 
*able periods. 

When the metals in use are costly, such as copper, tin, etc., it 
IS of the utmost importance to guard against waste, and other less 
excusable sources of loss. 

The storekeeper should be provided with hooks, in which he 
should be required to enter all the goods received into store, and 
he should also be instructed to weigh and examine these goods at 
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the period of delivery, and to see that they are coiTCctly described 
on the invoice sent with them. 

It should he his duty to dispose of these stores in such a manne r 
that they can be easily and quickly got at, and every convenience 
should be allowed him for this purpose, a good weighing iua(!hine 
being especially provided. Unless attention is paid to these points, 
the storekeeper’s door will beenme the lounging place of lazy Work¬ 
men, with the excuse of being kept waiting for metal or stores. 

When the storelveeper delivers out metal, or other stock, he 
should enter the same in a book kept for the purpose, giving the 
date and quantity issued, and to whom. On the opposite side of tlu' 
book he should enter the weight of metal returned in the shaj)c of 
finished castings, with a column for loss in working. 

In some instances it will be found possible thus to arrive at tiie 
actual metal issued and returned for a particular casting, but sucli 
a degree of accuracy cannot often be attained except in the case of 
very large castings, as some of the metal is generally left over, or 
used for some other work. 

At certain definite periods those books should be balanced as 
to goods received into store, goods issued by storekeeper, and goods 
now in stock. Goods issued by storekeeper, and castings produced, 
with the loss in working, should also agree approximately. 

The proportion of different metals used in the castings should 
jilso bo recorded. 

In addition to the stores above mentioned, there arc many other 
items whiqh are not so easily apportioned, or checked. Care is 
necessary to prevent these articles being ubed wastelully, and at the 
time for balancing the books the cost of such materials mast bo 
divided amongst the several items. 
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CHAPTER XXIX 

.» ALLOYS. 

All alloys, without exception, are far more fusible than the 
eujM'rior metal of which they are composed, as the most refractory 
melals are easily fused when alloyed with one or more of the softer 
metals. Thus platinum, which is scarcely fusible at all, readily 
combines with any of the inlerior metals, zinc, arsenic, tin, and 
some others. Again, several of the easily fusible alloys melt below 
the boiling point of water, which is less than half the melting heat 
of tin, their most fusible ingredient. 

3'he melting and mixing of thJfeeveral metals is a point which 
is far from being reduced to anything like a system in many brass- 
founding establishments, and practical men are often at a loss as to 
the proper means for securing a definite and uniform alloy. As a 
general rule, it is necessary to melt the less fusible metal first, and 
to add the more fusible aflirwards. Founders generally are of 
opinion, that if the metal of the first m('lting is run out into a bur, 
and then remclted, a more complete incorporation is obtained. 
Where a great dilTerence exists in the specific gravity of the com¬ 
ponent metals, it is necessary to observe certain fixed rules, m order 
to obtain a perfectly homogeneous mixture. Each m3tal tends to 
assume its own particular level in the liquid compound, according 
to ifs density ; therefore, if the casting is of considerable size, and 
requires a long time to cool, a partial separation will often take 
place, the lightest rising towards the surface. In casting large 
pieces, composed of copper alloys, the lower portion of the casting is 
apt to contain too much copper, whilst a corresponding excess of 
tin is found near the upper extremity. To remedy this objection 
requires a dexterous manipulation of the liquid metal, previous to 
casting, so tliat at the instant of pouring the alloy may he as 
nearly homogeneous as possible. 

The use of the compound termed temper^ ^C^ parts copper to 

till, is to assist in the mixing of metals of diireront qualities. 
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In the composition of pewter, the minute quantity of copper rc- 
qiiiri'd would, perhaps, never combine properly with the tin; but 
if, instead of a-Iding the two metals in the requisite proportions at 
first, the copper is first melted alone with two or three times its 
weight of tin, so as to form temper, the latter may be added in the 
requisite quantity to the tin or pewter, and a complete combination 
is effected. In alloys of zinc, this metal is extremely liable to waste, 
from its oxidisable and volatile nature; to avoid this, a number of 
schemes have been adopted, with various degrees of success. 

The following table gives the proportions of the more common 
commercial alloys; while the detailed receipts are of mixtur(‘S 
stated by various authorities to have been used with success. 

Table XXXV.—COMMERCIAL ALLOYS. 


— 

Ttn 

-ir 



Antimony 

1 .rud 

Tiihnnitli 

BraHB, eu pine bear in fjs .. 

112 

1 


•_ 


Tough brasd, t-ngino work 

15 

100 

15 

— 

— 

— 

„ for heavy bearings 

25 

160 

5 

— 

— 

— 

Yellow brass for turning .. 

— 

2 


— 

— 

— 

Fliinges to btiind brazing.. .. 

— 

:ii 

■■ 

— 

1 

— 

Dell metal. 

5 

16 


— 

_ 

— 

Dalibilt’s metal. 

10 

1 


1 

— 

— 

Brass, for loeomotive beariogs 

7 

64# 

■1 

— 

— 

— 

„ for strops and gbiiids .. 

16 

160 

■1 

— 

— 

— 

Muntz’s sheathing. 

— 

6 


— 

— 

— 

Metal to expand in eixiUng .. 


— 

■9 

2 

9 

1 

Pewtc*r . 

100 

— 


17 

— 

— 

S|>(‘ltcr . 

— 

1 

1 

— 

— 

— 

Stiitimry bronze. 

2 

90 

5 

— 

2 

— 


_ 

_ 


j 



to . 




1 

7 

.... 

riiiiub(‘rs’ seitlod snider .. «. 

1 

— 

— 

— 

2 

— 

ilTlO •• •• 

2 




1 
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Table XXXVr.—SOLDERS AND THEIR MEI/I’ING POINTS. 


No. 

'Jill 


D(‘g. Fahr. 

No. 

Tlu 

Lead 

Bisuiuth 

I)eg. Fatir. 

1 

1 

H 

558 

10 

4 

1 

0 


2 

1 

to 

.541 

11 

5 

1 

0 


6 

1 

5 

.511 

12 

6 

1 

0 


4 

1 

.‘1 

482 

13 

4 

4 

1 

320 


1 

2 

441 

14 

3 

3 

1 

310 

6 

1 

1 

370 

15 

2 

2 

1 

392 

7 

11 

1 

.‘i.'H 

16 

1 

1 

1 

354 

8 

2 

1 

34(» 

17 

2 

1 

2 

336 

9 

H 

1 

3.56 

1 

3 

5 

8 

202 
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r»y the addition of 3 parts of mercury to No. 18 of the Table 
XXXVI. it melts at 122° F. 

Tin,and copper are liable to separation during the cooling; 
this can be partly pjoTented by repeatedly turning and shifting the 
mould which contains the fluid alloy, untU it has set. 

To i)revont airholes in copper casting, they should be 
inonltlf'd in green-sand moulds, using as a flux lbs. of zinc to 
every 100 lbs. of copper. Pure copper will not cast without honey¬ 
combing. 

Copper and lead unite only to a certain extent. 

In ordinary pot metal, 3 lead to 8 of copper, the lead may be 
retained, provided the object to be cast is not too thick. 

When the cast is heavy, or much lead is used, it is pressed out 
by the copper, and exudes in cooling. 

Two of copper to 1 of lead, separates lead in cooling, the lead 
oozes through the copper; whilst any excess of copper beyond 8 of 
copper to 1 of lead renders the alloy very brittle ; consequently the 
range is limited between 2 to 1 and 8 to 1. These alloys are 
all brittle when heated. 

Copper and silver in equal parts, with 2 per cent, of arsenic, 
form an alloy similar to silver, with the exception of being a bttle 
harder, although of almost equal tenacity and malleability. 

Antimony imparts a beautiful red colour to copj)er, varying 
from a rose red where much antimony is added, to a crimson or 
violet tinge with smaller quantities of antimony. 

Yellow Brass. —Zinc 30 parts and copper 70 in ^all pieces. 

Yellov) Brass for Turning. —Copper 20 lbs., zinc 10 lbs., lead 
from 1 to 5 oz. I’ut in the lead last before pouring ofi*. 

Bed Brass for Turning. —Copper 24 lbs., zinc h lbs., lead 8 oz. 
I bit in the lead last before pouring off. Or, copper 32 lbs., zinc 
10 lbs., lead 1 Ih. 

Bed Brass to Turn Freely. —Copper 160 lbs., zinc 60 lbs., 
lead 10 lbs., antimony 44 oz. 

Best Bed Brass for Fine Castings. —Copper 24 lbs., zinc 5 lbs,, 
bismuth 1 oz. Put in the bismuth last before pouring off. 

Boiled Brass. —Copper 32 parts, zinc 10, tin 1*5. 

Govimon Brass for Castings. —Copper 20 parts, zinc 1*25, 
tin 2*5. 
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Hard Brass for Casting. —Copper 25 parts, zinc 2, tin 4*5. 

Bell Metal. —Fine: copper 71 parts, tin 26, zinc 2, iron 1. For 
largo bells: copper 100 lbs., tin 20 to 25 lbs. For small, bells : 
copper 3 lbs., tin 1 lb. 

For Clock Bells. —Copper 72*00 parts, tin 26*56, iron I*44. 

For Journal Bgxes. —Copper 24 lbs., tin 24 lbs., antimony 
8 lbs. Melt the copper first, then add the tin, and lastly tl.e 
antimony. It should first be run into ingots, then melted, and 
cast in the renuired form. Copper 10 lbs., tin 1 lb., zinc 10 oz., 
is another mixture. 

Queens Metal. —Tin 100 lbs., regulus of antimony 8, bismuth 1, 
copper 4 

Chinese Silver. —Copper 65*24 parts, zinc 19*52, nickel 13, 
silver 2 * 5, and cobalt of iron 0 * 12. 

Hard White Metal. —Grain copper 3 lbs., tin 90 lbs, antimony 
70 lbs. 

Metal for Taking Impressions. —Lead 3 lbs., tin 2 lbs., bismuth 
5 lbs. 

Gun Metal. —Copper 80 to 83 parts, tin 20 to 17. 

liivet Metal. —Copper 32 oz., tin 2 oz., zinc 1 oz. 

JUvet Metal for Hose, Belting^ etc. —Copper 64 lbs., tin 1 lb. 

Bullet Metal. —Lead 98 parts, arsenic 2. 

Aluminium Metal. —CopperlOO parts, aluminium 10, by weight, 
form a durable alloy, which may be forged and worked in the same 
manner as copper; it is of a pale golden colour. 

Useful ^llotj for Bearings. —Antimony 10 parts, copper 5, 
tin 5. 

For Cgmhals and Gongs. —Copper 100 parts, tin 25. It is 
slated that to give this alloy a high degree of sonorous power, the 
j>iece should be ignited after it is cast, and then be immediately 
jiliiugcd into cold water; but these directions, like many others 
which accompany receipts for alloys, are unfortunately very vague. 

For Tam-Tams, or Gongs. —(1) Copper 80 parts, tin 20 ; 
liaminer it out, with frequent annealing. (2) Copper 78 parts, 
tin 22, rolled out. 

Bath Metal. —lirass 32 parts, and 9 zinc. 

Cock Metal. —Copper 20 lbs., lead 8 lbs., litharge 1 oz., antimony 
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Table XXXVII.—WHITE MICTALS. 


T'n 

Jjoad 

I. 

r 

Bismuth 

Aiiiiniritiy' Brnss 

Iron 

Zin<‘ 

Meiciirj' 

AltoVH 

80 


2 

2 

7 

B 

... 


— 

Plntt; pewter 

7.5 

9 

— 

8 

8 


... 

— 

— 

Qufrn’H metHl 

80 


2 

... 

6 

2 

1 



Britannia iixOal 

4 

1 

_ 

... 


... 

.... 



Pnwter 

80 

^ _ 


-.I 

20 

... 


_____ 


Music mol ill 

.50 




... 

— 

— 

.50 

— 

Silver leaf 

0 ) 

10 

— 


— 

— 

— 


— 

Orgsin pipes 

100 


2 

2 

8 

— 

— 

— 


Besst plntij powt'T 

20 

10 



-» - ■ 


“ 



Keflector metal 


The last two alloys are used for coating the inside of gl.iss 
globes, and many other similar toys. A little of the met.il is 
yoiired into the globe or other vessel, which, being turned about, 
rcfoives a tldri film of a brilliant silvery appearance, the excess of 
metal being poured back into the ladle. 

Tin foil should be of piiro tin, but it is nearly always alloyed 
with lead, or with lead and zinc. It may be prepared either by 
hammering or rolling, but is more generally cast upon an inclined 
framework covered with canvas. 

Expansive Metal. —Lead 9 parts, antimony 2, bismutli 1. 
Tliis alloy expands on cooling, and is used for filling small holes 
or defects in castings. 

Gold Coin of Great Britain. —Pure gold 11 parts, copper 1, 

Mannheim Gold. —Copper 3 parts, zinc 1, with a little tin. 

British Standard Measures, Metal for. —Copper 57G parts, tin 
59, and brass 48. ^ 

Hard AUoy, resemhling Silver. —Iron 1 part, cobalt 1, and 
nickel 1, fused together. 

Silver Coin of Great Britain. — Pure silver 11*1 parts, 
copper ‘9. 

Lining Metal for Boxes of Bailway Cars. —Tin 24 lbs., 
coppir 4 lbs., antimony 8 lbs.; mix these, and afterwards add and 
mix 72 lbs. tin. ^ 

Bronze Metal. —(1) Copper 7 lbs., zinc 3 lbs., tin 2 lbs. 
(2) Copper I lb., zinc 12 lbs., tin 8 lbs. 

Bronze for Gilding. —This should be fusible at a low tempera¬ 
ture, compact, and close grained. Copper 82 ■ 25 pai-ts, zinc 17 * 50, 
and tin *25, is said to take gilt well. 
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Blanched Copper. —Fuse 8 oz. of cop] er and ^ oz. of neutral 
arsenical salt, with a flux made of calcined borax, charcoal dust and 
powdered glass. . < 

White Metal. —Tin 82 parts, lead 18, antimony 5, zinc 1, and 
copper 4. 

Statuary Metal.—{X) Copper 91.*4 parts, zinc 5'58, tin 1*7, 
lead 1 -37. (2) Copper 80 parts, tin 20. 

For Medals.—{1) Copper 50 parts, zinc 4. (2) Copper 92 
parts, tin 8, with a small quantity of brass. 

Or-molu. —The or-molu of the brass-foilhder, which is an imi¬ 
tation of red gold, is extensively used in ornanienting ironwork, as 
well as in many other bitmches of artistic trade. It is composed 
of more copper and less zinc than ordinary brass; it is readily 
cleaned by acid, and can be easily burnished. To make it more 
brilliant it can be brightened up, after “ dipping,” by means of a 
scratch-brush. To protect it from tarnish it should be lacquered. 

For Tinning. —Malleable iron 1 lb,; heat to whiteness, add 
5 oz. regulus of antimony, and Molucca tin 24 lbs. 

Cold Tinning. —Mix tin and mercury until soft and friable; 
clean the article with spirits of salt, and whilst moist rub on tlie 
above amalgam, and after the metal is tinned evaporate the mer¬ 
cury by heat. This receipt mud not be used for any culinary vessel. 

Cold Silvering. —Chloride of silver 1 part, pearlash 3, common 
salt 1^, whitening 1. Clean the metal with soft leather or cork, 
moisten the metal with clean wakT, and rub on the mixture. 
After the mc^al is silvered, wash it in slightly alkaline hot water. 

Specidum Metals. —Equal parts of tin and copper form a white 
metal as hard as steel. Less tin, with a small quantity of arslTiIc 
added to the alloy, form a hard white metal, having a brilliant 
lustre. Copper 2 lbs., tin 1 lb., arsenic 1 oz., is a good mixture. 

Copper 32 parts, tin 16*5, brass 4, and arsenic 1*25, gives a 
liard, white and brilliant metal. 

Fipe 3^0al for Organs. —Melt equal parts of tin and lead. 
This alloy is cast, instead of being rolled, in the desired form of 
sheets, in order to obtain a crystallised metal, which produces 
a liner tone. 

The shoi ts are formed by casting the metal on a horizontal 
table, the thicknes being regulated by the height of a bridge atone 
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end, over which the superfluous metal flows oflf. The sheets thus 
obkiiied are planed with a carpenter’s plane, bent up, andsoldered. 

Gorman Silver. —First quality for casting: Copper 00 lbs., 
zinc 25 lbs., nickel 25 lbs. 

Second quality for casting: Copper 50 lbs., zinc 29 lbs., nickel 
bc'st pulverised, 10 lbs. 

German Silver' for Bolling, —Copper 60 lbs., zinc 2 lbs., nickel 
25 lbs.; used for table ware. 

German Silver for Bells and other Castings. —Copper GO lbs., 
zinc 20 lbs., nickel 20 lbs., lead 3 lbs., iron, that of tin plate being 
l)est, 2 lbs. It is difficult to combine a definite proportion of zinc 
wi'li the compound of nickel and copper previously prepared. In 
fusing the three metals together there is always a loss of zinc by 
volatilisati*3n, which may be lessened by placing the zinc beneath the 
copper in the crucible. The best method is to mix the copper and 
nickel, both in grains, first; place this mixture in the crucible; 
when melted, add the zinc and a piece of borax the size of a 
walnut. The zinc will gradually dissolve in the fluid copper, and 
the heat may be raised as the fluidity increases. 

In this instance, as in all others of forming alloys, it is profit¬ 
able to mix the oxides of the various metals together, and reduce 
them under the protection of a suitable flux. The metal nickel 
can be produced only from pure oxide of nickel, and, as purity of 
the alloy is essential to good quality, the common commercial zinc 
is not suflflciently pure for some purposes. Copper cannot well 
be used in the form of oxide, but grain copper or wn;p scraps will 
serve equally well. 

Pinchbeck. —Copper 5 lbs., zinc 1 lb. 

Tomhac. —Copper 16 lbs., tin 1 lb., zinc 1 lb. 

Bed Tombac. —Copper 10 lbs., zinc 1 lb. 

Frick's German Silver. —Copper 53’39 parts, nickel 17’4, 
zinc 13. 

Hardening for Britannia Metal. —To be mixed sejjjprately from 
the other ingredients.. Copper 2 lbs., tin 1 lb. 

Good Britannia Metal. —Tin 150 lbs., copper 3 lbs., antimony 
30 lbs. 

Britannia Meted, Second Quality. —Tin 140 lbs., copper 3 lbs., 
antimony 9 lbs. 



720 


foundint; and casting. 


Britannia Meted for Cading. —Tin 210 lbs., copper 4 lbs., 
antimony 12 lbs. 

Britannia Metal for Spinning. — 'Pin 100 lbs., bardening 
4 llis., antimony 4 lbs. 

Britannia Metal for Registers. —Tin 100 lbs., hardening 
8 lbs., antimony 8 lbs. 

Best Britannia for Spouts. —Tin 140 lbs., copper 3 lbs., anti¬ 
mony G lbs. 

Best Britannia for Spoons. —Tin 100 lbs., hardening 5 lbs., 
antimony 5 lbs. 

Best Britannia for Hcmdles. —Tin 140 lbs., coitper 2 lbs., 
antimony 10 lbs. 

Best Britannia for Lamps, etc. —Tin 300 lbs., copper 4 1I )S., 
antimony 1 5 lbs. 

Britannia for Casting. —Tin 100 lbs., hardening 5 lbs., anti¬ 
mony 5 lbs. 

Britannia Metal. —Brass 4 parts, tin 4; when fused, add bis¬ 
muth 4 and antimony 4; this composition is added at discretion 
to the melted tin. 

Casting Brass Nuts on Scrmvs. —Polish the screw, make a 
mould on it, with a gate or runner «t the end when mould is 
horizontal, 1 inch in diameter, 5 inches high, scoop out the toj) 
3 inches 48j?®cter bevelled down to 1 inch; second, make the 
gate or runner on the top of screw ^ inch diameter, same height 
as the other. Take a pricker and prick from the toji of tlio 
mould to the pattern nut about a dozen boles, after which draw 
diamonds with the wire from these holes to the sides of the 
mould on the tap. Now part the mould, draw the nut and 
screw, cut the gates, making the one at the end of nut same as 
till' down one, an inch in diameter; take the screw, smoke it 
over a gas flame, turning it round, pouring a little oil on it; 
eontinuc heating till the oil begins to boil; at this stage take a 
little of the dry parting-sand which is used to part the mould; 
sprinkle tl^ all round on the top of oil—heat now as before 
to (lull red, and proceed as before. Eemelt the metal, take 
3 lbs. of old waste handles, free from iron; add to this 9 lbs. 
of copper; melt both, and when ready for casting add J lb. of 
zinc or spelter: allow it to remain in the fire ten minutes; take it 
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out, aild i 1b. of block tin and J lb. of load ; stir llio wliole woll n]>; 
ilio aoi'cw is now red and in the mould ; rush the metal in quickly 
at the 1 inch diameter; be sure the metal is hot and it will 
rise at tlie other "ate to the toj) of the mould. Be carnlul at this 
sta;^e. To tate the nut off do not heat it; dress it as before ; 
Ijammer it cold, heat it—now hold the screw upright, pour on oil 
at the lop of the nut, allow it to cool, catch nut in vice, apply a 
lever to tiie square at end of screw, and turn it round. 

Jjalh/ifs Attrition Metal. —I’repariiig and fitting : melt sepa¬ 
rately copper 4 lbs., best quality Bauca tin 12 lbs., regubis of 
antimony S lbs., and f2 lbs. more of tin while the composition is 
in a melted stale. J^our the antimony into the tin, then mix with 
tl.'e copper away from the fire in a separate pot. 

In melting the composition, it is better to keep a small 
quantity of powdered charcoal on the surface of the metal. 

^I'lie above composition is called “ hardening.” For lining tho 
boxes take 1 lb. of hardening and melt it with 2 lbs. of J3anca tin, 
\\hich produces the lining metal for use. Thus the proportions for 
liniiiL^ metal are, copper 4 lbs., regulus of antimony 8 lbs., and 
Banea tin 9(1 lbs. 

Tho article to be lined, having been cast with a recess for 
the lining, is to bo nicely fitted to a “former,” which is made 
of the same shape as the bearing. Drill a hole in ttfie article 
for the reception of the metal, say i or £ inch diametiT, 
neeiu'ding to the sis^fe of it. Coat over the part not to be tinned 
with a clay wash, wot the part to be tinned with a^Jcohol, and 
sprinkle on it powdered sal-ammoniac ; heat it till a fume arises 
li’ian ttie sal-ammoniac, and then immerse in melted Banca tin, 
taking care not to heat it so that it will oxidise. After the article 
is tinned, if it shoald have a dark colour, sprinkle a little fal- 
aminoniac on it, which will make it a bright silver colour. Cool it 
‘giadually in water, then take the *• former,” to which the sirticln 
has been fitted, and coat it over with a thin clay wash, and warm it 
so that it will ho perfectly dry; heat tho article until tho tin 
begins to melt, lay it on tho “former” and pour in tho metal, 
which sliould not ho so hot as to oxidise, through tlie drilled hole 
giving it a liead, so that as it shrinks it will fill up. After it has 
sufficiently cooled remove the “ former.” 

3 A 



122 


FOUNIJINMJ AND CASTING. 

A sliorter method may he adopted when the work is li'^ht 
enough to handle quickly; namely, when the article is prepared 
for tinning it may be immersed in the lining metal instead of the 
till, brushed lightly in order to remove the sal-ammoniac from the 
surface, placed immediately on the “ former ” and lined at the same 
heating. 

Stereotype Metal .—Lead 4 parts, tin 1, and antimony X. 

In using stereotype metal, brush the type with iilumbago oi 
a small quantity of oil; then place in a frame, and take a cast with 
plaster of Paris. The cast must bo dried in a \ery hot oven, 
placed face downwards upon a flat plate of iron; this plate is laid 
in a tray or pan of iron, having a lid securely fastened, and fur- 
iiishod with a hole at each corner. Dip the tray in the fluid 
metal, which will flow in at the four corners. When the tray is 
removed, dip the bottom only in water, and as the metal contracts 
in cooling, pour in imdted metal at the corners, so as to keep up 
the fluid pri'ssure and obtain a good solid cast. 

Whin cool, open the tray, remove tiie cake of plaster and 
metal, and beat the edges with,,a wooden mallet to remove snper- 
lluons metal. Plane the edges square, turn the back flat in a 
lallie to ibe required tbickness, and remove any delects. If any 
of tlie letters are damaged, cut them out, and replace them with 
separate type soldered carefully in place. Finally, fix upon hard 
wood lo tho required height. t 

Cadincf Stereotype Plates by the Paper-Pimcess .—Lay a shei-t 
of tissue piper upon a perfectly flat surface, and jiastc a piece of soft 
]>riiitiug paper on to tho tissue paper, pressing them very flat and 
even. Oil the form of type, lay the paper on it, and eover with 
a damp rag ; beat the paper evenly into tho type with a stiff brush, 
then paste on it a piece of blotting paper, and repeat the beatiiig- 
iii process, after which several other layers of soft, tenacious paper 
must ho pasted on and beaten-in in the same manner; back up the 
pa]>er with a })iece of cartridge paper. The whole must then bo 
dried at a moderate heat under a slight pressure. When quite 
dry, brush over the face of the paper mould with jiluinhago or 
French chalk. When this is done it is ready for the matrix. Tliis 
is a box of the size required for the work, the interior of wliich is 
typo-liigh. This is called the gauge, and lifts out to insert the 
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piipfir mould, aud is regulated by hand to the siz(i of the plate 
iequir('.d. being placed inside, the lid is shut down and 

screwed ^ight, with the end or mouthpiece left open. Tlie metal 
is ])our(*d in at the orifice, and as it is mounted to swing, the box 
is moved about so as to well throw down the metal and make 
a solid cast. Idien water is dashed on the box, the screw-bar 
unsliackled, the lid lifted, the plate taken off', and the paper mould 
is ready for use for another casting. 

A)iof}wr Stereotype Process .—The sterootypor first dries the 
form of types upon an iron steam table. The form is then partially 
imlocked, and a hand-brush is rubbed over the surface of the types, 
chiiinsing them preparatory to placing over the entire form a sheet 
or i^heets of thin bank-note paper, of the finest quality, previously 
Melted to insure the required pliability. This paper being evenly 
laid over the types, the workman takes a long-handled brush, made 
of short, slilT bristles, with which he beats the wet paper evenly, 
forcing it into all depressions of the types, taking care not to break 
tlie ])ap(U'. The work finished, a dampjened sheet of thicker, 
more ordinary paper is placed over the first. This is also brush- 
hammered down upon the types, and followed by another sheet 
of })a])er, thinly coated with a preparation of whiting and starch. 
Again the brush is used to boat this home, after which a brown 
])aper backing is put on, and then the form of types, covered by the 
before-mentioned sheets of paper, is trundled to another steam table, 
whore it is slid under a powerful screw press, several blankets iolded 
t)ver it, and all firmly held down until the paper mr-trix is dry- 
h.irdt'iied, or “cooked,” as the workmen^xpress it. The papering 
process oitcupies three or four minutes, ffie cooking about twice as 
many. The matrix is now peeled off from the form, and prepared 
for casting by sifting it with finely powdered borax, which with a 
Suit brush is thoroughly rubbel into the sunken surface left by the 
tyj)cs. 'J’he surplus borax having been removed, the matrix, which 
now resembles hard but pliable pasteboard, is ready for the casting 
1 m)X, wliich is made of iron, either straight or curved, to suit the 
press-bed. Handle irons hold the matrix in its proper place, at 
the exact distance, about half an inch, necessary for the thickness 
of the steniotype plate, which is made by pouring a quantity of hot 
type metal into an open end of the casting box. This metal, 

0x2 
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(lro])i)inp: botween one surfuce of the casting hox and the ennhen 
surface of tlie inatriv, fills up the latter without burning it. A few 
inonients are allowed for cooling, and then the matrix is tstripixnl 
from the warm plate, which is subsequently prepared for the }'ress 
by trimming down all thick lines, or chiselling away any supor- 
tluous metal, paring off the edges, filing, and otherwise treating the 
st,ero(»type after the usual manner. Circular saws driven by steam 
power, and Iiand cutting machinery of various kinds, are us(*d in 
finishing, the whole operation of stcrcotyjung occupying from 
fifteen to twcniy minutes. A second plate may be obtained from 
tlic original matrix in about two minutes, and almost any number 
of eastings can be takcui ])y careful workmen. In some ofliccs only 
one mould is taken, this being used for casting the number of 
]dates required for several presses. The stereotype, being an 
(ixact reproduction, in solid plate form, of the million or more ty]H‘s 
crigiiially put togclhor by the ciompositors, is fastcuoil upou tlio 
lloe, Ihillock, or any other printing ])ress, and used in place of the 
types. 

Type Mdal. —Lead 9 parts, and antimony 1, forms common 
t ype metal; 7 lead and 1 antimony is used for large and sedt type ; 
() lead and 1 antimony, for large type; 5 lead and 1 antimony for 
middle typo; 4 lead and 1 antimony, for small type; 3 lead and 
1 antimony for the smallest and hardt'st kinds of type. 

h^rench Type Mdal consists of lead 2 parts, aiftimony 1, and 
coj»])(*r 1. 

Common Type Metal is lead 80 parts and 20 antimony ; a more 
fusible stereotype metal ^ lead 77, antimony 15, and bismuth 8. 
If much tin is used it renders the metal rather soft, but fhsible 
iiud fit for fine impressions. A superior alloy is said to consist of 
load 9 I'arts, antimony 2, and bismuth 1. To alloy lead with these 
metals, the lead is first melted and the other metals added to tho 
fluid lead. 
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CnAPTEll XXX. 

A COLLECTiON OF USEFUL TABLES AND NOTJ'3. 

■ 

Tabie XXXVTTI. 

WKIOIIT OK ROUND AND SQUARE COPPER RODS IN L13S. 


.''1/0 

Wi per l.im'.il Kocit, 

>Si7.e 

WnKhl p'T I.in<‘ul l'«)ot 

1 Si/e 

WeiRht J 10 V Lineal Fool 

llml 

l.’< iiiid 

, Scpinro 

l{(X] 

Kcuiiid 

Squase 

JUxl 

Konnd 

Square 

X 

0- 19 

0-24 

n 

a-SO 

4-91 

2 

12-20 

15-53 

To 

(l-ilO 

0-9S 

■liV 

4-90 

5-47 

2 ' 

^ 1 0 

12-97 

10-51 

n 

0 -i:5 

0 rc> 

ill 

4-77 

6 00 

<> 1 

19-77 

17-59 

7 

0 • :.s 

0-71 

i-A- 

f.-2r» 

6-(IS 

2,"'a 

H-GO 

18-5S 


(i-Tt: 

0!>7 

1.; 

r>-77 

7-94 

1 2-1 

15-44 

19-05 


o-iii: 

1-29 

1,'i 

G-90 

8 02 

1 2 
" 1 0 

10-91 

20-70 

r» 

1-19 

ir.2 

«} 

(;-s(5 

8-79 

1 2 ’ 

17-20 

21 -90 

1 1 

1 u 

i-s:{ 

1-'*- 

7-\r> 

9-48 

1 24 

18-12 

29-00 

i 

1 -Tli 

2- IS 

ill 

s-no 

10-25 

24 

19-00 

21-25 

j \ 

2 (U 

2 r.(; 

‘ 1-;:, 

8(!9 

11-05 


21-02 

20-7:> 


‘2-9:’. 

2-97 

;13 

9*:u 

11-SO 

2| 

29-07 

29-90 

1 '• 


9-Jl 

i 11 ;; 

1002 

12-75 

2^. 

25-21 

32-09 

1 

9 (».■) 

9-SS 

111 

10-72 

19-Co 

a 

27-45 

31-91 

'A 

911 

4-98 

1 n 

i 1 0 

11-45 

14-57 





Tablk XXXTX.—areas OF CIRCLES. 


Ih&ITI, 

Ari-a 

1 naui. 

Area 

Di.im. 

An-a 

Piam. 

Ar<'» 

IIL 

M| in. 

in. 

8q. in. 

in. 

pq. in. 

in. 

pq. in. 

1 

0-012 

. H 

2-Till 

5 

i9o:{ 

10 

201-1 


00J8 

2 

9- 112 

•'+ 

21-05 

17 

227-0 


0-019 


3-510 

51 

29-70 1' 

M 

251 5 


0-(f70 

n 

3-970 


25-97 i 

19 

2s:{-5 


0-110 

'■> t 

S 

4-4:10 

0 

28 27 

20 

914-2 

T 

0- l.'iO 


4 901 

4 

9:ms , 

21 

910-4 

h 

0- mo 

V"* 

- -4 

5- 112 

7 

98-IS 

2‘2 

IC-O-1 


(* 219 


5 9:19 

7^ 

41-18 

2:j 

115'« 

1 1 * 

't 

0 ::()7 

0 7 
"8 

0-192 

8 

50-20 

21 

452- 1 

1 1 

0-‘!7l 

9 

7-009 

# 

50 71 

25 

490-9 

"i 

0 112 


■ 7-070 

w 

09 02 

20 

.VO 9 

1 \ 

0 .519 

9i 

8-2110 

94 

70 SS 

27 

572-O 

*’ 7 

O-tOI 

31 

8-910 

10 

78-54 

2S 

015-7 


0 O.U 

9\ 

9-021 

io.i 

80-.59 

29 

000-5 

1 

0 7S5 

9:* 

10 :i2 

11 

95 03 

ao 

7iH>-9 

1 : 

0 991 

3i 

11-01 

14 

109-9 

;u 

751 S 

H 

1-227 

3^- 

11-79 

12 

119-1 

92 

Mil 2 

1 • 

1-485 

4 

12-57 

19 

i:-i2-7 

9:4 

S55 ;{ 

c. 

1-707 

■ii 

11-19 

14 

159-9 

:i4 

90 7 9 

1 ’ 

2 071 

4.1 

15-90 

15 

17G-7 

95 

902 1 

IS 

2-105 

4.] 

17 72 



1 
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TAEua XL.—PROPERTIES OP THE METALS. 



Clirtiilcal 
K({uivu eniB 

specific 
fjravity 
AVat<T at 
60 “ = 1 

Melting 


Mouls 

Hydrogen 

Oxygen 
= luo. 
Hyilroguii 
= 12-6 

1 *1)11)1. 

Degreca 

Valir. 

Remarks 

1 

Gold 

08 33 

1220-10 

10-20 

2016 

(Rankine 2.500“) 

Silver .. 

108 00 

1.350-00 

10-47 

1837 

(Ruiikiiie 1280°.) 

Iron .. .. 


.350 00 

7-78 

2780 

(Runkiue siivs e.iat iron 3470®.) 

»'opper .. 


305-70 

8-80 

1000 

(Rankine 2548°.) 

Mercury .. 

J00 07 

12.50-00 

13-00 

30 


Lead .. 

103-.5(1 

1204-.50 

11-35 

012 


Tin .. 

.58-82 

735-24 

7-30 

442 

(Baukine 420%) 

Antimony 


1012-00 

(TTU 

810 


liisiuutli .. 

70-05 

880-92 

9-80 

407 

Bisiniitii 8, lead .5, tin 3, Tiielts 
111 boiling water. 

Zinc .. 

32-.52 

400-50 

7 00 

773 

Very iiiidleablc at "21*2° Falir 

A 1 sonic .. 

75-00 

935-70 

5-88 

700 

Hardens any metal with which 
it may be mixed. 

(.'olmlt .. 

20-.52 

308-99 

8-5:; 

2800 

Rarely used in met.illic state. 

I’Jutinam.. 

08-U8 

1233-50 

20 08 


Can be melted liefore the oxv- 
hydrogen blowpipe. Sciirce 
metal, nearly us valuable us 
gold. 

Nickel .. 

20-57 

309 08 

8-27 

2800 

German silver—be.'-t, 8 eop])er, 
3 nickel, 3^ itiiie; comiiiou, 
8 copper, 2 nii-kel, 4 yiiie. 

Piilladiiim 

53-27 

005-00 

11-80 

— 

Ilsird, ductile ami malleublu. 

Rhodium .. 

.52-11 

051-30 

10-1)5 

— 

White, and very haul. 

J’ntiiHsiuin 

30-00 

487-60 

0-80.5 

130 

Very inllanimiible. 

Aiiiiiiiiiiiim 

13-(iO 

171-17 

2-58 

— 

Very malleable. 

Ma^neBium 

12-tJ7 

158-35 

2-24 


Hard, bill diietih- like silver. 
Volatile at white heat. 

MaiijjftneHO 

— 

— 

8-00 

— 


('aJiiiiuiu 

— 


8-70 



Sodium .. 

_ 


0-1)7 

-- 


Iodine 

t _ 

— 

4-01 



I’iiobphorns 

— 

— 

1-T7 

— 

Boils at 5.50®. 

Sulphur .. 


— 

1-08 

22S 

Boila at .570®. , 


P.S.—Antlioritioa diffvr consMerubly bb to tlie teuiporuture at which most of 
tlic lui talg can molted, owin;; nqjioubt to errors in pyrometers. 




TAiit.E XLI.—SPECIFIC HEATS, WATER BEING 1 0000. 


Charcoal 
Sulphur 
Iron .. 
Zina •. 




0-2G31 • 
0-18.50 
0-1188 
0-0955 


Mercury 
Platinum 
Gold .. 


0-0332 

0-03-Jl: 

0*2008 
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Table X LIL—BOILING TKMrEEATL'RES OF I EIITAIN 

SUBSTANCES. 


DcgrcpB 

Mercury (about) .. 000 


oil .(;40 

vVlidIc oil.6S() 

Suliilmr .570 

Oil of tiirpcutiiie (about) 350 
Phospliorus .550 


Dcgii'i'ii 

Arscinic (volatilises) .. ii.lO 

Nupbiha. 320 

S(»iliiini (fuses) .. .. 200 

Alcoiiol . 171 

Wood spirit .. .. 133 

Water .. .. .. .. 212 


Tabi.k XIJII.—COairAllATIVE WEIOllTS OF VARIOUS 

METALS. 



Oi^t linn 
being 1 

Dry Deni 
being 1 




1h iii^ 1 

f'-iist iron .. 

1- 

K'.-S 

11- 

0-01 


oso 

Steel .. 

1-08 

— 


101 


_ 

llriiss .. 

IJO 

in-8 


1-09 

1-00 


t'opjier 

1 -21 

20 1 


1-15 

1 05 

_ 

1 jCiul .. 

1-5U 

21 ■ 


1-18 

1-31 

1-27 

Tin .. 

— 

1712 

n -2 

0 01 

— 


Ziiin .. 

— 

— 

— 

0-92 

— 

— 


Tabli: XLIV.—WEIGHT OF A SCiUAEE FOOT OF VAEIOITS 

METALS. 


•T 


TlmkiU'ss. 

Widiighl. 

Iruii 

Copper 

ItlUfS 

l.cad 

C.IM, 

Jinn 

Sic* 

.■I 

Zinc 



lbs. 

Um. 

lbs 

lbs. 

llw. 

lb- 

|!.| 


Oiie-i-ixteioiUi of 

in inch 

2-5 

2-9 

2 

7 

3-7 

2 

3 

2 

5 

2 

«» 

<)lie-i lelitli 


5-0 

5-8 

5 

5 

7-4 

4 

7 

5 

1 

'i 

7 

Th i-ee-^ixtoenth.s 


7-5 

8-7 

8 

2 

111 

7 

0 

7- 

7 

7 

0 

Oiie-qii'irior 


100 

llGn 

10 

9 

MS 

9 

1 

10 

2 

0 

1 

l’’i\ e-sixti'ciitlis 


12-5 

11-5 

13 

i; 

IS 5 

11 

7 

12 

S 

11 

7 

'J’hree-i nrlitlis 


J.5- 

17-4 

10 

3 

2*2'2 

14 

1 

15 

• » 

1 1 

1 

SeVeli-.sl\toeiilhs 


17-5 

20-3 

10 

0 

25 • 9 

JG 

4 

17 

9 

JO 

1 

One-hall 


20- 

23-2 

21 

8 

20-6 

18 

7 

20 

4 

IS 

7 

Five-eiKhths 


25* 

2.S-9 

27 

1 

37-0 

23 

1 

25 

Ti 

23 

4 

Ttiiee-niiiirters 

99 

30- 

31 -7 

S2 

5 

41-4 


I 

30 

0 

2S 

1 

S»‘\ cii-ei;'ht^ 
One inch 

99 

• • • • 

35- 

40-4 

37 

9 

57-K 

32 

8 


7 

Cili 

8 

40' 

40-2 

43 

3 

59-2 

37 

5 

40 

8 

Ii7 

5 
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Table XLV. — PERCENTAGE OP CARIION AND SILICON (!ON. 
TAINED IN VARIOUS KINDS OF CAST AND WROUGHT IRON 
AND STEEL. 


Dcttcription 

Carbon 

Silicon 

Aulhorily 

f 

Spicgeleisen (New Jersey, U.S.) .. 

„ (Geriuiin). 

• • 

per cK'iit 
0-900 

per cctiU 
O-JOO 

Henry. 

• • 

5-410 

0 179 

Seim t'liiuitl. 

„ (Miisen) . 

• 

4-:{23 

0-997 

Presi uiUb. 

Li'ifsla pig iron (D.mnoinora, Sweden) 

• • 

4-SOU 

0*170 

Heniy. 

Gn y pig iron. No. 1 (Tow Law) .. 


2-795 

4-414 

Riley. 

Grey pig iron, No. I (Aeadian Iron Co.) 
Giey loundry pig iron, No. 1 (Nellierton, 

3-500 

4-810 

Tookey. 

South StnlVonlbhin*) . 

■ 

3-07 

1-48 

Woolwich Arsenal. 

Ditto ditto. No. 2, ditto 

• 

3 04 

1-27 


Grey forgo pig iron ditto 

• 

3-12 

1-10 

ff 

Forge pig iron ilitto 


3-03 

0-83 

n 

Sirong forgo pig iron ditto 

• • 

2-SI 

0-.57 


Grey pig iron (Dowluis). 

• • 

3*14 

2-10 

Riley. 

jVIottled ditto, ditto . 

• • 

2*95 

1-90 


’White ditto, ditto . 

• • 

2-81 

1-21 


Mottled pig iron (Wellingiiorough) 

• • 

2-10 

2-11 

Woolwich Arseii.d. 

White pig iron (Blaenuvon) .. 


2-31 

1-11 

P(‘rey. 

lii fined iron (Brornlbrd, S. StiiffordsLiro) 

8-070 


Dick. 

i’uddled steel, hind (Kdiiigi-huttc).. 


I-3S0 


Hraims. 

Ditto ditto, mild (Soutli Wales) 


•r>(U 

•100 

I’airy. 

Ciibt steel, Wootz . 


I-.*!! 


Hi'iirv. 

„ for fiat lilos . 


1-2 


A. Willis. 

„ (Ilinitsmiin’s) for cutlers 


10 



„ for chisels . 


-75 



,. die stei l (W( liling) .. 


•71 



„ douhlc sliear steil .. .. 


•7 



„ quarry drills . 


•64 



„ masons’ tools . 


•6 



„ spades . 


•32 



„ raUway tires . 


32 to 27 


n 

„ raps . 


20 to 21 

• • 


„ plates for ships 


•25 


VaiioiiH. 

„ very mild . 

., (melted on open hearth) 


•J8 


A. Willis. 

Hurd bar iron (South Wales) .. 


•410 

Mi 

SchathauU. 

„ „ (Klohter, Sweden) .. 


•itso 

••2:i-2 

Henry. 

., „ (Kubsia) . 


•310 

Trace 

99 

JP 


•272 

•002 


Holier plates (Ku’^scll’s Hall, South 




Stiirordsliire). 

.. 

•190 

•144 


Arm''Hr plates (Wiardule lion Co.), too 




steely . 

• • 

•170 

•no 

Percy. 

Bar iron (Lofstu, Swi'den) 

• • 

•087 

•UT) 

Henry. 

„ ((i 1 singe, Sweili-n) .. 

• • 

•0S7 

•050 


„ (Obterhy. Sweilen) .. 

• • 

•O.it 

•0-^8 

V# 

.\riuour plates (Healo and Co.) 

• • 

•044 

•174 

Percy, 

„ (Thames lion Co.).. 

• • 

•033 

•160 


„ (Low McK>r) .. 

• • 

•010 

*122 

Toukey. 
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Tablh XI.VL—thickness and WICIGIHT OF WlltlO. 


Will' liaiijjo 

Indies 

Wire 

Tliicktips.9 
by li.W.U. 

j Wright Ilf a Square Font 

1 tu l.hs. 

Weight of 100 Mural Feet 

Iron 

Steel 


Copper 


Iron 

CoppPT 

Brass 

(1000 

_ 1 n 

- 1 A 

lbs. 

lbs. 

IbB. 

lbs. 


lbs. 

Ihs. 

lbs. 

000 

1 0 









(JO 










0 

— 1 1 

30-58 


.33-43 

35-17 





1 


2.5-75 

2G-04 

28-15 

29-02 

1 

12-50 

14-.50 

13-75 

2 


21-IM 

21 -57 

'23-32 

24-54 

2 

120 

13-90 

13-20 

3 


18-02 

18-22 

12-79 

20-72 

3 

11-00 

12-75 

12-10 

4 

— i 

15-11 

15-28 

IG-52 

17-38 

4 

10-00 

11-GO 

11-00 

5 


12-1G 

12-50 

I3-G2 

11-33 

5 

8-74 

1010 

9-Gl 

a 


11--15 

11-57 

12*51 

1.3-1(5 

G 

8.12 

9-40 

8 03 

7 

““ Til 

9-25 

0-35 

10-11 

10-Gl 

7 

7-50 

8-70 

8-25 

8 


7-20 

7-37 

7-07 

8-38 

8 

G-8G 

7-90 

7-61 

i) 


G-00 

G-G8 

7-22 

7-59 

9 

6-24 

7-20 

G-8G 

10 


4-OG 

5*02 

5-43 

5-71 

10 

5-G-2 

6-50 

6-18 

II 

— 1 

-1-13 

4-18 

4-52 

4-75 

11 

5-00 

5-80 

5-50 

J2 


3-14 

3-18 

3-43 

3-GI 

12 

4-38 

5-08 

4-81 

i:t 


2 34 

2-3G 

2-.55 

2-(59 

13 

Jp'75 

4-34 

4-12 

U 


1-GO 

1-71 

1-85 

1-95 

14 

3-12 

3-GO 

3-43 

ir» 


1-37 

1-30 

1-50 

1-58 

15 

2-S‘2 

3-27 

3-10 

10 

^ i1 

Vd 

1-05 

1-OG 

1-15 

1-21 

IG 

2-50 

2-00 

2-75 

17 


•SO 

•SI 

•87 

•92 

17 

2-18 

2-52 

2-40 

IS 


•G1 

•112 

•07 

•70 

18 

1-8G 

2-15 

2-01 

10 


•47 

•47 

•51 

•54 

19 

1-70 

1-97 

1-87 

20 

« 

•32 

•33 

•31 

•37 

20 

1-.54 

1-78 

1-GO 

21 






21 

1-40 

1-G2 

1-54 

22 

II 





22 

1-2.5 

1-45 

1-37 

2:{ 






23 

1-12 

1-30 

1-2;; 

2t 






21 

1-04 

1-lG 

1-10 

2.5 






25 

0-00 

1-04 

0-90 

20 






‘2i; 

•80 

•92 

•8S 

27 






27 

•72 

•83 

•70 

2S 






28 

•04 

•74 

•70 

20 






20 

-5(5 

•Gt 

•G1 

00 






.30 

•50, 

-.58 

•55 


Table XLVIL—QUALITIKS OF USEFUL METALS. 


llelati'e 5Vi ights 

Stmigib to riBisI 

’] uislull 

Ti'iiuclty 

Ollier uf Ductility 

Wiri-dravving 

I.aiiuii.il>le 

Lonil 

148 

Ca-st stool 

105 

Cold 

1110 

Cold 

Cold 

Clipper 

IJG 

Sltoar „ 

170 

Iron 

1000 

Silver 

Silver 

Ill'll.ss 

100 

Uli.-'tcrpil do. 

IGG 

Silver 

820 

riatinnm 

Copper 

S(ecl 

102 

English iron 

101 

llrnss 

820 

Wrought 

Tin 

11,ir iron 

100 

Swrili.ill „ 

05 

Clipper 

GG5 

• 

ItOlJ 

ri.it iuuni 

Cost „ 

05 

I'ust 

00 

Tm 

110 

Copper 

Lead 

Cast zino 

95 

( llIM lUCtHl 

50 

1 Jl ftti 

G5 

Ziiio 

Xine. 



Yellow brass 

4G 



'i’iii 

Wroiii'lit 



Cojipur 

43 



TjCad 

iiiM) 



Tin 

11 



Nieliel 

^Nickel 



1 lOni 1 

10 



Uiilhuliinn 

T’.ill.idlillii 


























rOUNMNG AND CASIIXQ. 
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Table XLVIII.—SUlllNKAGE OF CASTINGS. 


In locomotive cylinders .. 

Ill pipes . 

(iinl<T.‘', beams, etc. 

Engine bonins, connecting-rods. 

In liirge cylinders, say 70 inch diameter, 10 foot 

stroke, the contraction of diameter. 

Ditto. 

Ditto in length. 

in tliiii brass.. 

in thick brass. 

In ziuu . 

in load .. 

In copper. 

In bismuth . 

In tin . 


= inch in a lineal foot, 

= in 15 inches. 

= i in Ifi .. 

= ^ at top. 

= J at bottom. 

= -I in 10 i net ins. 
r= J in 9 inelies. 

= A in 10 iiiclie.s. 

= -j",,- in a fool, 
fioui 1 to in a foot. 

= .y j, in a foot. 

— n 

— -ST >» 

from to \ in a foot. 


Easy Rule to Find Aitboximate Weight of Cabtino.s. 

Thickness in ^ inches x width in i inches x length in feet = lbs. weight 

cast iron. 

For load add ono-half to the result. 

For brass ad<l one-seventh ,, * 

For cojiper add ono-lifth „ 


Table XLIX.—WEIGHT OP TIMBER PER CUBIC FOOT. 


Lbs. 

Acacia.44 

Ash .48 

Beech.^ 

Biich ., . 494 

Box .00 

Cellar.48 to .50 

l.'l)e.ntnut .fio 

Cork . 15 

Deal .43 

„ English .30 

Elm .35 to 41 

Fir, Mur Forest.44 

„ New Englmid .. 35 

„ Riga .47 

T.aroh.34 

Hawthorn.38 

Hazel.54 

Holly.48 

Ibirnteim .. .. .. .. 47^ 

1 aneewood.01 


Lignum vitiB .. 

1,1)8. 

• • • • 1 

Lime tree 

.. .. 47^ 

Mahogany, Honduras 

• • • • *y*9 

„ S]>.ini.sh 

.. 53 to .50 

Norway spar .. 

.. .. 30 

Oak, Adriatic 

.. .. 02 

„ Canadian .. 


„ Daiitzic.. .. 

.. .. 47 

„ EngliJi .. .. 

.. .. .58 

Pear tree 

.. .. 11 

Pino, pitch „ 

.. 41 to 43 

yy rCll •• 

.. .. 41 

„ yellow .. 

.. .. 38 

Plano treo .. .. 

.. .. 40 

Poplar . 

.. :‘.:;to2t 

Sycamore .. .. 

.. 3<S to 43 

Teak . 

.. .. 47 

illow «• •» 

.. .. 34 

Yew . .. 

.. .. 50 















































A COLLECTION OF USEFUL TAJJJ-E^ AND NOTES. 
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Tahle L—weights of USEFUL MEJ'ALS. 


N .ii'je of Mctiil 

Cubic Foot 

1 ft. t.q. 
by 1 In. ihi(k 

Oar 1 in. sq. 
by 1 fi. long 

» 

Biit 1 in ib.ini. 
by 111 It.iiK. 


lbs. 

Uni. 

llw. 

llw. 

(3aBt iron . 

4 SO 

37-5 

3-12 


'Wrou'iflit iron .. 

475 

40-5 

3-33 



too 

40-8 

3*40 


, . 

CJopfu r (cast) .. .. 


45-7 

3-81 

2-l»9 

(imi iiictiil. 

510 

42'5 

3-54 

2-78 

Uriiss (yellow) .. 

52:j 

43G 

3-03 


•• •• •• 

710 

59*3 

4-94 

3-SS 

Zinc (ciiMt). 

4:59 

3GG 

3-05 

2-40 


WiilGIIT OF LeAI>. 

‘22 cwt. = 1 fiMlder of lend (Slocklon). 
21 „ =1 „ „ i\c\'b<'nMllo). 
1‘JJ „ = 1 „ „ (Loudon). 


Fluxes. 

There are numerous substances which being themselves easil)' 
fused, are added to more refractory materials to promote their 
fusion ; the following articles are largely used for this purjKise 
—crude tartar, commercial cream of tartar, borax, nitre, sal- 
ammoniac, common salt, limestone, glass, and flnor spar. 

As most metals are more disposed to oxidise when in a molten 
state than when solid, it is usual tc^ver the surface of the metal 
in the crucible or smelting pot 'Ml some flux, to^proteet the 
inet.il from the action of the air. In the cupola the slag from the 
lime, answers this purpose. With the precious metals powdered 
eharcoiil is fietjueutly used, as are also borax and saltpetre, Bra»»- 
lounders employ broken glass or powdered charcoal. For the more 
fusible metals resiu and oil are used. 

Black Flux. —Is'itre 1 part, cream of tartar 2 parts ; mix and 
burn in small quantities in a red-hot crucible, and mix the product 
vith flnoly powdered charcoal. Keep dry in an air-tight ve&scl, or 
well cork the bottle. 

This is used in smelting metallic ores. 

Flux for Bed’ucing Arsenic .—Carbonate of soda in crystals 
8 parts, liuely powdeicd charcoal 1; hc.it gradually to a rctl heat. 
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AND CAsTINC.. 


Cornish lladming Flnx .—Cratlc tartar 10 parts, nitre 4 
l)orax ik powder together. 

lie fining Flux.—Qmde tartar and nitre, equal parts; burn 
together. 

Crude Flux. —Same as the black flux, omitting the burning in 
the crucible. 

Fluxes for Arsenical Compounds. —(1) Dry carbonate of 
pf)tassa y parts, cyanide of potassium 1. (2) Dry carbonate of 
soda and cyanide of potassium, equal parts. 

Morreau's Beducing Flux .—Powdered glass free from load 
8 parts, and 1 each of calcined borax and chaicoal; powder well 
and mix. 

Salt CaJee .—In smelting expensive metals the use of salt cake 
as a flux greatly improves the appearance of the metal or alloy ; tlio 
reduse uniting with the salt cake floats to the surface of the crucible, 
and is skimmed otf. 


IUetal. 


Fia’x. 


IiYin nr btecl. 
Tinned iron. 
Copl'Cr and brass. 
Zinc, 
licnd. 

Lead uud tin ^>i|)OS. 


Borax, or t-nl-ainnioniac. 

Itcsin, or cliloride of /me. 
Sal-aninioniii(‘, nr eiil <iidi- of zinc. 
Cbloi ide of zinc. 

Tallow or ri-sm. 
liesiu and sweet oil 



'I'hese fire soft adhesive substances, generally of an eartliy 
composition, used for closing vessels to make them air and gas 
tight, or for coating over vessels or parts of vessels, to pruti'ei 
them from the elfects of high temperatures. 

Slourhridge Clay/ia. fine powder^ made into a paste with water, 
will .'sustain a greater heat than any other English lute. 

Windsor Loam, a natural mixture of sand and clay. 

Kither of the above may be nsed for coating vessels, or for 
making tight the hot joints of metallic vessels. ]\Iixtures of piil- 
veiised borax with either of the above, or with common clay, form 
fusible fluxes, useful for gWing over the surfaces of vessels so as to 
close their jtores. 



A COLLKCTION OF USKFLIL TADl.KS AND NOTES. 7^3 

1. Alix thorouglily good clay 2 parts, sharp washed sand 1, 
and liorso diiDg 1, then temper like mortar. 

2. Linsp(3d or almond meal mixed to a paste with milk, lime 
water or starch paste. This Into stands a temperature of 500°. 

Fat Lute. —(1) Mix dry clay or pipe-clay in ]towdcr with 
diyiijlg linseed oil into a thick paste; the part to which this is 
n])])li(Hl must he clean and dry. (2) Plaster of Paris mix with 
wat(T, milk, or weali glno. Po'th these lutes stand a dull red heat. 

White lead, paste and paper, caoutchouc, and yellow wax, arc 
also used as lutes for various purposes. 


Si'EciFio Gravitv. 

I’he specific gravity of a body is its weight in proportion to 
that of ail equal bulk of water. 

'I’ho weight of a cubic foot of water at a temperature of 60° is 
1000 ounces avoirdupois. 

U’herefore the specific gravity of a body, water lieing 1000, 
shows the weight of J^cubic foot of that body in ounces. 

Then, if the magnitude of the body be known, its weight can be 
compute d ; or, if its weight be known, its magnitude can bo calcu¬ 
lated, provided its specific gravity is known. If any two of tlio 
tlite(‘ (jualities, weight, magnitude, and specific gravity, be known, 
the third may he calculated by a simple proportion sum. 

The specific gravity of^etals, mercury excepted, is increased 
by liammering, rolling, or stamping; it is therefore important, in 
(•omjiaring sjiecific gravities, to consider the treatment to which the 
metals have been subjected, and also to note their temperatures. 
High temperatures decrease the specific gravity of metals, as it 
causes them to increase in bulk. 


Sfcciric Oravity. 


Bi)ltler for "dill.. 12-40 

Solder for silver. 9*84 

Soft solder. .. .. 9’5fi 

I’pwter. 7-25 

Muaic nictal . 7'1 
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Table LL—SrECIFIU GRAVITY AM) WEIGHT OF VARIOUS 
MATERIALS USED IN FOUNDRIES, Ere. 



Specific (iruvlty 

Cubic Fout in l.lis. 

Culiic In. ill Oz. 


Bornx . 

1-714 

107-1 

0-99 

Olialk .. .. .. .. .. 

2-707 

J72-9 

1-60 

Goal. *. 

l-2.'53 

78-1 


Emery .. .• 

4-000 

2.'>()-0 

2-31 

Gypsum, opaque . 

2-168 

135-5 

1-25 

Griiidstono . 

2-143* 

J33 9 

1-24 

Jjimestone . 

2-945 

181-1 

1 ■ 28 

Piiiuii’e stone. 

-915 

.57-2 

0:53 

Rotten stone. 

1-081 

123-8 

1 14 

Salt. 

2130 

1,33-1 

1-23 

Sand. 

1-.V20 

95-0 

0-SS 

Sulphur, native . 

2-033 

127-1 

1-17 

„ melted . 

1-991 

124-4 

1-1.5 

Tallow . 

-945 

59-1 

• 55 

Olivo oil. 

•915 

.57-2 

-.53 

Liiiioed oil . 

•932 

58-2 

-51 

'J'nr. 

1*015 

<53-4 

•59 

White lead . 

3-160 

197-5 

1-82 


Plaster of Paris, dry 
„ wet 

Portlfltid eement . 
Flint ^liihs 
(’rowu „ ... 

Pottery. 

Dry loam. 

Papier niaebc .. 
Modeller’s wax 


S|ieiilii‘ (ii'd\ ay. 

.. 11 
.. 1«> 

.. .^0 



;{-o 

2r) 

2-0 

1-4 

0-7 


0-96 


Table LIL—EXPANSION OP METALS BY HEAT. 

In raising the temperature of |prs of various metals from 
32® J'\ to 212° F. they are found to expand nearly as follows:- - 


Pliitiniim. 

.. one in 

1097 

fiarts. 

Palliidium. 


1000 

99 

Antimony. 

•• »» 

923 

99 

Gust iron . 

•• »» 

901 

n 

Sti-cl . 

• • W 

824 

9* 

Wrought iron . 

•• >» 

801 

99 

Bismuth . 


718 

ny 

Gold . 

•• *» 

(;»;7 

99 

Copper. 

•• u 

5.57 

99 

Gull metal (copper 8 , tin 1) .. 

•• » 

.550 

99 

Brass. 


.524 


S{M Culiim metal. 

•• »» 

517 

99 

Silver. 

•• « 

499 

99 

Tin . 

•• l» * 

424 

99 

Lend.. . 

• • 

3.50 

99 

Zinc . 

•• l» 

336 

99 










































A COLLECno:; op dsepdl taisles anm) noti^s. 


Tablk mil—to OALOUI.ATE VAEJTE PKIl TON OP 2210 LlJ.S., 
AT Vn OF A Id. PEli LB. to la. PEll LB. 


cl. 



£ 

8, 

d. 

1 d. 



£ 

5. 

d. 

d. 



£ 

£* 

ih 

1 

■nr 



0 

11 

8 

•H 

• • 

• • 

38 

10 

0 


• • 


7i> 

10 

8 

« 

* • 


1 

3 

4 

H 

• • 

• • 

39 

13 

4 

8i 

• • 


77 

0 

0 

1 

• • 


2 

0 

8 

n 

• • 

• • 

40 

10 

8 

85 

• • 


78 

3 

4 

n 

« 

• 

• • 


3 

10 

0 

! 4i 


• • 

42 

0 

0 

8i 

• • 


79 

0 

8 

± 

r • 


4 

13 

4 

i 45- 

■ » 

• • 

43 

3 

4 

8^; 

, , 


80 

III 

0 

w 

• • 


5 

10 

8 

1 4i 

• • 

• • 

44 

0 

8 




81 

13 

4 

i 

• • 


7 

0 

0 

■ 4i 

• • 

* • 

4.5 

10 

0 

8^- 

• • 


82 

10 

8 

A 

• • 


S 

3 

4 

! 5 

• • 

« • 

46 

13 

4 i 

9 

• • 


84 

0 

0 

1 

• • 


1* 

G 

8 

1 

• • 

• • 

47 

10 

8 ; 


• ■ 


8.5 

3 

4 


• • 


10 

10 

0 

! 

• • 

• • 

49 

0 

0 i 


• • 


80 

0 

8 

n 

■ • 


11 

13 

4 

1 5-y 

• • 

• • 

50 

ri 

O 

4 




87 

10 

0 

K 

• ■ 


12 

10 

8 

r>i 

• • 

• • 

.51 

0 

8 ! 




88 

J3 

4 

U 



14 

0 

0 

•'■>4 

• • 

• • 

52 

10 

0 

95 



89 

10 

8 


• • 


15 

3 

4 

^>’-1 

• • 


.53 

13 

4 ■ 

92 



91 

0 

0 

Fi 



10 

0 

8 


• • 


54 

10 

8 

9'- 



92 

3 

4 

1 

• • 


17 

10 

0 

0 

• • 

• • 

50 

0 

0 

10 

• • 


9:) 

0 

8 

2 

• • 


IS 

13 

4 


• « 

• • 

.57 

3 

1 

19i- 

• » 


94 

JO 

0 

2 



T.) 

10 

8 


* • 

• « 

68 

0 

8 

lot 

• • 


95 

13 

4 

‘4 



21 

0 

0 

0^ 

• • 


59 

10 

0 

10»- 

* • 


90 

]<; 

8 

•> t 



22 

3 

4 


• • 

• • 

00 

13 

4 : 

10.'. 

• • 


98 

0 

0 


* • 


22 

'10 

8 

«4 

• • 

• • 

61 

10 

8 : 

105 



99 

3 

4 

*> ■> 
s 



21 

10 

0 

Gt 

• • 

• • 

03 

0 

0 ' 

102 



100 

0 

S 

- 

« • 


2.5 

13 

4 


■ • 

• • 

04 

3 

4 

lOJ- 

, * 


101 

10 

0 


* • 


20 

10 

8 

7 

• • 

• • 

0.5 

0 

8 

11 



102 

13 

4 


• • 


2S 

0 

0 


• • 

• • 

00 

10 

0 

u\ 



10.3 

16 

8 


• 


20 

3 

4 

n 

m • 

• • 

07 

13 

4 


« • 


10.5 

0 

0 

-i 

« • 


30 

0 

8 

7 ‘ 

• • 

• » 

08 

10 

8 


• • 


100 

3 

4 




31 

10 

0 

7V 

* • 

m • 

70 

0 

0 

lU 

• • 


107 

0 

S 

;{i 

• • 


32 

13 

4 

7i 

• • 


71 

3 

4 

115 



108 

10 

0 


• • 


33 

10 

8 

ri- 

• • 


72 

0 

8 

oi 

•• • 


109 

13 

1 

Hi 

• • 

• ■ 

3.5 

0 

0 

' n 


• • 

73 

10 

0 


• • 


110 

10 

8 

•■‘a 

• • 

• • 

30 

3 

4 

. 8 

• • 

• • 

74 

13 

4 1 

la. 

• • 


112 

0 

0 

4 • 

• • 

• • 

37 

6 

S 

1 





1 
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INDEX. 


Abhaptdv of fir '-lmcks, 221 
Air, miti iFiiirsil forci' of, 
ooiii|i(isitioii Ilf, 71 
r.iioliiii;, (i(J 

f.iiih foi iiiLrli prcs'iiircM of, 219 

foi fn|)iil;) 1il:i,s(, 2:!o, 2(i.'3 
furi'ii'is, It lit-IS.') 
liot arriMifj* iiu'iils, 1-1-7-I19 
ijiiii'iti lor rfiini \iiiu', J I'*, 21,'> 
pro itict.'i of (Miiiliiirilioii ill, 7 -') 
v.u I..I ioii-< III pio.i'iU'o.s ol, 2(12 -204 
Alkalii.s, circot in diu, 218 
AI.ukI’h full, 210, 211 
Alli)\i., 7 i;i 724 

r.,i 1 )l.ill’.-. 71 - 1 . 721 
1>"11 niL-ra!. Oti.'i-? 1 1 
biiiHri conipo-ili'iii-, 711 , 715 
Cnlll]iO-l)li'II.‘< of, 7 ) 1 
liic'iHire poiiii.-, ol, 711 

jji!.\iiiLr ainl ini lliiii; of, 178 ISO, 

71:5 

IMiiiit/, 711 

hlaliilorv In-oiizo, 714, 718 
Ml ii‘ol\ pc, 722 
poliliM-, 71 1 
wliiio, 717, 718 
illi iron, 1, 42 

Allooiyi wlioci foiinilry, 090—093 
Almiiiiiii, 4, 22, 217 
ill iioii, 4 
ill !s:lli,l, 2.81! 

Alimiiiiiiiiii, j)i ii'ontii^f' of, iiilikd to 
'•n-.i. iron, 22 

it.s I Ifori on oii.sl ium, 22—H4 
Aluniinoii.-i .-liii.i('s, 2l>t> 

Amt-noan ciipoliiH. 112-144 
pi;j;-iron, 14, 4(1 
Aiiithhis of coiil, 76 
Aiiiunilmfr, 528. .529, (19.3, 094 
criifihlos, 2;i0 

jii.itiTinl!- ii'Cil for, 528, .529 
ovi'iis, 521 
pils lor, 528 
ro.iiii- for, ti.ill. 094 
Antlir.icili.' ooal, 99 


Anvil blofsk, cnstinc: of, 108 
AnviLs. com! iron, .5:).5 
Arcln cl roof, liio-brii-k for, 221 
AiPii-s of drclofl, 725 
Arsenic, (‘ftccts of, in iion, 22 
Art work, bronze, 0 . 10 - 0.57 
AshWif coiil, 77 
of cokis 8.5-SS 
Assailiin^, crucibles for, 228 
of fite-cla,\s. 213 

Average cost of moulding, 701-712 


Babbitt’s metal, 714, 721 
Bailey’s pyrometer, 197, 19.8 
Baker’s blower, 2,51-257 
section of, 255 
tabic of particulars of, 2.5<! 
volume of air swept per revolnlion 
by, 257 

Barrel, lexolving sand mixing, (Wl. 
082 

sand blast combined witli, 98.''-99() 
B.irs, tor coi'i's. !>lo o4ti 
Vi n1.iI.IIion of, ol.'i. .‘!l 1 
Baiix jle, 203 

aclioii of ba.xic .slag on, 210 
and pinnibago, 209 
composilion of, 20.V-2I0 
Btiains for holding down, 429 
Healings, alloys for, 7lt» 

Bedplaii s, inonldi'ig of. 394-100 
Beeeii. for jiatleriis, 207 
Beehive i-oke oven.s, 79-83 

air inlut for eoiubustion in, 81 
bye-produoto lost, with the. 82 
constructional details ol, 79-82 
dimensiouB of, 80 
general efficiency of, 82, 83 
latter stages of «-okiiig in, SI 
loss of weight 1 * 3 'coking iiroccssm, 
80-82 

qnnlit 3 'of coke prnduccil from. 80 
tiiM' loeoinplel.e ])»oc‘'ss in,81 
vvatciiiig pioce-s, >2 

u li 
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Bcf'liivo cokfi ovonfl {coiitinued) 

\v< iL'-lit. of onko produced, 80-82 
\veiL,dil of eticli cliargc of ground 
euid. 70, 80 
Ii( I Inst Mind, 287-292 
lielgiiin cupola, 1(5-1-108 
Itellh, founding of, 0.78-071 

inoiiil cnnijxmition for, 00.7-7IC ' 
moulding process for, (5(57 
notes jiroduced by, 070, (571 
projiortifms of, (500, 07i) 
toTK'H of, 000 

viiiioiis iiotnblo bolls, 0.79, (>69 
Kelt for uil, Ml 
l>eiid>]tiperi, 05(1 
eore iron for, 
gre«jn-HMnd cores for, 334 
llerim enicd)les, 220 
KesM iner liiniiicos, 181-18.7 
(or oruciblo stoel, 184,18.7 
high i)rc*»s reverberatory, 181, 182 

-convi'i-ter, 182 

Kevel wbee-ls, 470-479 

constructing the teeth of, 477 
di tails of teetli of, 477 
pitch circle of, 477 
rolling circle for, 477-479 
llicUforii’s crucible furnsici*, 043-01.7 
lliinldig of moulds bcibre casting, 427 
beuiun used foi,427 429 
pi.dcsuscd for, 127 
Dinniiigb.im crucibles, 220 
r>iliniiinoUK coal, 77 
JlIncUiiig, 297 300, .300-309 

iietioii of molten iron on, 298, 392 
lilnck lead, 3li8 
eo.d'diist, 5(08 
coke-diist. 5108 

•lillereiit (|Uiililics of, 307-309 
for benvy castings, 299 
nr.ijihile, :’.0S 

bow npjiiicdl.o grctui-sund moulds, 
297 

bow u]ipli(‘d todry-Siind ai d loam 
inonlds, 298 
mim-ral carbon, 307 
piilont mixture, 307 
plumbago, 307 
pnipiM'tics of, 298 
i»*strictions in the use of. 299, 300 
Mpecud compositions of, 309 
slci'lina. 5508 
terra Hake, !508 
w<H)d cliaicoiil, 307 
r.hndi-li nd crucibles. 22(5, 227 
Ul.ick wash. 298. 2''9 
lJliinc!ietl copper, 717 
I'l:i>(, air lor, 2.33, 2(53, 2(52. 2(54 
licusilA of, 217 
tiirnnci's, 100 
hot, 2..3, M7 119 


Blast (cimliniml) 

quantity of air, 23.7 
vuiiations in prtiS'-uro of, 2(12. 2<>1 
Blowers lor air blast, 2.70-2(5.7 
Aland’s liin, 240, 241 ■ 

Baker’s, 2.74, 2.77, 2(53 
cominou fan, 23(5 
double acting cMiinlor, 234, 2!U» 
high jiressiirc fan, 219 
Laid law’s blower, 2(50 2<52, 
liloyd’s fan, 2517 
riftin blower, 2.77-2(50 
Hoots blower, 2.70, 273 
Suinnclson’s Tdower, 2;73, 2.71 
Schiele’s f.m, 238, 239 
Stnrtcvant’s fan, 2159, 210 
'J’romb water-full for air blast, 2151 
Boards tor loam moidding, 317 -11(5, 
4:-50-433, 49(5 
Bod or bolt-stick, 111 
Boding points of siibslani'es, 727 
Bookkeeping ill fouiidiii's, (597 
Bottom of cupolas, 112, 111 
Boxes and Husks, 312-5517, (579 
biiidens for, 551.7 
chill casting, ,70.7-.725-i 
four-part Imxi's, 5579 
small Husks, 551(5 
special forms of. 552(5-5577 
stacking iind mmibeiiiig; 5517 
tbre-jiiirl boM's, 5577 
two-part boxes, 5513 
Brass, (5552-7 1 I 

founding of, (5552- (5 19 
— general <“ouditiims for, f555 2-(555 7 
patterns, 5585 

Brass, ord ill. iry mcKiiig lunnici', (5558- 
G4(> 

Bickford's oil furnace, (5155, (51.7 
ciucible tongs, (518 
Fleicbor’s crueilde furnace, (511 
find cmisiimed in, (5lo 
inidting proi-ess, (555.8, UK) 
moulding boxes, (519 
rate of imdliiig, UJO 
l(oso’.s oil furnace, (54(5, (517 
Brass. rcveilK'rutory Inriiace, I7.S 
charging ol, 178 
coiisuniptioii of find in, 178 
inspi'ction boles. 179 
oxidiitioii in, 179, LSO 
lajipiug of, 178 
Bniziiig metal, 711 
Bieiikiiig pig-iron, 119 
Biic.ks. different qualities of, 2li7 -210 
bauxite, 208 210 
Diniis, 2:)7 

fur loam moulding, 29.7 
biliea, 207 

slriiclnrca for moulding, 127 
Bricks, rcl'iaclory, 20.7^ 224 
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Bricks 

iibi'iisioTi r)t‘, ‘221 

aliiiniiia and silica in, 217 

cliicf rijiisidcriilion rr",irdinff, 222 

crushing rcaistunoe of. 220, 221 

cx[ian>ioii of, liy lioat. 221 

for mclicd roofs, 210, 221 

for furnace hearths, 210 

for side walla, 221 

panfktcr, 20S 

liniits to proaeiico of alkalies, 210 
limits to pres' iico of iron, 210 
])hyaical jirfijiorties of, 220 
ataudurd si/es and shapes, 223,221 
tesling of, 221 
Biitaiinin metal, 720 
I’.nttle iion. t> 

Jlroii'/.e, OSC, 

line ait, <1.70 -ti.'iT 
h'reiieli works in, O.*)! 
melting, liirna.ee for, 178,179 
nioiihls, 102 475 
slanie foni'dieir, (inO-O.oT 
Biiililiiig rings in niouMs, 12<i-‘J20 

pl.i'cs list d ill moulding, 427, l.ll, 
1:52 

Bii'iyanej of eirn'K, 710. 7.7i>-l>(i2 
<‘\ainp]''> of. 7.74 
failures to resist, .'>.71. 7.77 
nietlioda for resistin'.' of, 7.71-7.73, 
407, 420, 470 

prineiph s lelating to, 7,77,7,71 
upward foiee due to, 7,77,107, 408 
Burning on, .7:50. 510 
delads ol. ;i:>0 
nnrnt Mind. 701 
Ihiahcs, moulds for, 77(1-778 


Cm.kiiassk, Fonderie a. 1(51-108 
(^aloiiiie ])o\\(*r of (‘arlion, 751 
of ciirhonie oxide, 77 
of coal, 7:5-77 
of »ok«“. 1.7.7 
of proilncu*' gas, t)7,5)4 
of aiiljiliiir. 7:5 
Ciiihide ol iron, 55. 10 
Curhon, 2, 4, 12-115 

enlorilu! ]iower by comhustion of, 

7:4 

e,oiiil>inod, 12-15, 17, 18 
efiinlnislion of, 77, 18(5-191 
graphitic, 12-15, 1(5, 17 
ill eoal, 7(5, 77, .S5, 8(5 
in eoko, SO, 155 
in iron. 12-1.7, 10-18, 728 
in steel. 4,0‘20. 020 -071 
produced h niperaliires, 18(5-191 
Ciirhon.ite ol lime, 151, 200 
Carsiitf Ill’s pyrometer. 100, 197 
C.irl biishe.->, moulils lor, 5570-778 


Case hardiMiing, .720 .7551 

Ho ld’s fiiiiiace (or. .770. ,771 
etti.'ets ofelay\\a.sli eoatii g, 570 
maleriala used for. .72!>. .7:50 
rapid methods for, 5:50 
Ca.sing for cupolas, 114,11.7 

. for reverber.itory tmnncea, 175, 
178, 18:5 

Cast nr jiig iron, 1-68 
alloys of, 42 
aliiiiiiniiim in, 22. 23 
annealing of, 29, .'50 
Arnold’s experiments on, 41, 42 
arsenic in., 22 

eniboii in, 7, 17, 19, 29, 4‘2, 728 
oarhoii in, etfocts of, 7, 17, 11), 29, 
12, 728 

east direct from blast furnaee, 57 
charactcn.stic properties of, 9-14,71 
eln'oniiiirn in, 21 
cold blast, 45-19 
oompressioii of, 71 
eompositi'iii of, 11, 12-1.7 
contraetioii of, 25, 20 -551 
eopperin, 22 

crystallisation of, 7, 15,58 08 
diih'rcrit viiriclics of, 4, 7, 8, I'2-15 
early applications of, 5-5 
elasticity of, 551—17 
expansion period in, 20-551 
ferro silicon in. ‘24 
tin id ])r(ipcrtics of, 7, 27 
for iiidr.inlic work, 47. 52 
fracture illustrations, 7 
gold in, 22 

grey, qualities of, 7,0,1 ‘2- 15,4 1-17 
Hodgkinsoii’s experinieiits on, 79- 
41 

Kctp’fl experiments on, 2S-5>i), 
21-20 

mangane.sc' in, 21 J 
mixtures of, 47-72 
))i])cH, introihietion of, 3 
phosphorus in, 20 
rafe of cooling, i Ifoct of on, 17, 29, 
00-08. .70.7 .7255 

rrnudling, effectH of on, 10, 52 .7(5, 
70(5 

seriiji, 10,24 

sea Water, < AT. cts of on, 9 
shrinkiigc of, 550, 55 28 
silicon in. 18 
silver in. 2‘2 

sTiIidify ing ’leriod when cooling 20. 
Spicgeleiseii. 51 
strength of, 31-47 
sulphur in, 19. ‘27, ‘.'.8 
Hiirraee appeamnee when molten, 
8. 255 

ti'QMle st.rengih of, 552. M 17 
tin in, 22 
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(!'st or j)i;' iron (rouihiunl) 

transver-;*! stron^tli of, ;»2, 44-47 
AVii.sl,V o\|>i rinicnts on. 2(!-28 
wliilo viiriolv of, 5, G, 15, 5.'{, 54 
("list .'•tcfi, Gi7-i;:u 
Oil I bon in, 026 
(^iiciiot proci HH for, 019. 020 
r«inipf).sition of, or an.ily-iK, 029 
<TU(‘il)]c rnnnic« for, 020-022 
fuel wnsmnption to ])roiliu*o, 023 
Ini naccd for iiieltin!', (‘i2(Mj29 
ilimloo proct'hs, (!17, OIS 
llnnt'^inari pnK'c.ss, 018, 019 
inclutif!: process, 022, (!2IJ 
Mnslit't procesB for, 019, 020 
)»r(« esB of c'onver.'.ion into, 029 -031 

|{(■itnlnur, 018, 020 

Sii nicari’ furnace fur, 023-027 
'I'hwaites’ furnace for, 027-029 
Ucliatius’ procesH, 020 
Wuotz, 017,018 

Cttslini;, lupicoitH vapours produced, 391 
condensers. IS 

ooiiBidcration of details, 407, 408 
fonstrijclion of sand bed for, 330- 
:i3S 

cost of, 700-712 
cry.'itiilline furinations in, 58 -08 
cylinder castiiifrs in Iftain, 42U—120 
ciVect of tliiekness. 9, 13, 44 
for eolmnns of enffincB, 48 
for torpedo boat cii;;ines, 19 
hollowB and cavities in. 31 
immediate iirran}j;cnients for free 
contraction after, 419, 433 
in lead, 4 13 
in tin, 443 
111 zinc, 413 

intnnal stress in, 28, 03, 04, 322, 
323. 511, .521 
larire bet’.s, 008 

malleable cn.stin" process, .52 1 .529 
liloins Stirlmj; proeuss ol. ri2 
jiroeivB of, 391 

I nil dneel from the blast rnniace,,57 
simr win el, 48 

steam cylinders in loam,48.120-120 
steieo plates. 722,72;J 
w( ipdit of, 140. 147, 727. 73 ). 731 
willi liead of ^iressun-, 350, 3.57, .505 
witli large heads for solidilv, 30, 
328 

Casting on lo other meials, 532-539 
deterioration by, ,532 
iron and gun-metal. 537-.539 
Moline's process for casting on, 533 
ornaments cast on, .531 
hharpne-ss of. 2t! 
steel and cast-iron aiiiils. .53.5 
5\'illis’8 process for pr< pcller 
bladis, 5.»(i .537 


Ca.sting on to other metals (conUnurd) 
wrought and ea.st iron window 
frames, 532, 533 

Castings, contraction of, 25, 20-31,27.5, 
320-331,730 

for hvdranlic, pressiire.s, 47, .52 
in open sand moulds, 33l-.3:!0 
eonslruction of sand bed foi, 330 
Catal.in iiricBss for iron and stiel, 
1,2 

Celsius tliermomctcr(Centigrado), 192- 
194 

Centigrade thermometer by Ci l.sius, 
192-194 

Centre blast, for cupolas, 132-130 
cllioioncy of, 131, 135 
gas producers with, 95. 90 
Centrifugal force of air, 213 
Chain hoolcs, (JH, 015 
Chairs, chilled railway. .509, 510 
Chamberlain and Smith's plate moulds, 
437, 438 

Chaplets and core nail.s, 318 3.53 
east iron, 349, 3.50 
failures due to, 3.51-3,53 
in.dleable iron. 319 
methods of bimling. 3.52, 3.53 
si-rew studs for. 351-353 
sizes re(|aired, 351, 3;52 
Bpee.ial lorms of, 3.50 
Charcoal, 70, 78, 79. 99 
]n'odm'tiou of, 78. 79 
Cliaiging a reveiljcratory furnace, 175, 
177,178 
doors for, 177 

for re-molting gun-melal, 178 
tin to be addetl, 178 
zinc to be added, 178 
of cupolas, 118,121, 110 
inmiber of men required fur, I 16 
])liitrorrn tor, 11 1, 115, li:i 
Clii'iiot sled process, 019 
(JJn rry-tree wood iMilterns, 207 
Chill castings, 5i)5-.523 

American {dan for railway wheels, 
518 523 

and einst steel, 518 
and white iron, .505 
easting temiier.iliire for, 515 
changes after casting, 510, 517 
depth of chill, 511 
effi'ets by rate of euol iig, 518 
efli-ct produced, 50.5, 500 
fusion of chills, 514 
influence of manganose metal on, 
505 

influence on sjiecific gravity. 511 
indnence of thiidviieas on. .511, 
512, 514 

interior snrfaeea of cliill luonbli 
for, 515 
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Chill «‘iibtin''H (roitUiinr'l) 

iiir)l.siiir(i lu tiu* iiKiulda, 512, 51B 
punching ot'clnlld, 51t> 
j»i,s; iron suitable, for, 511,51 (5,520 
j)r<‘|iiif.itioii of jjioulils for, 513, 
515. 518 

propuition of dnlls, 514 
piotoctiii*? chills lor, 518 
jttiivi.sioii for expansion, 514 
i.iilway cliairs, 500, 510 
railway -wheel, 5UU, 518, 51D 
rolli rs, 507 
Cliinesi' .‘'ilvei. 716 
( hroiiiiinn in iron, 21. 42 
Ciiitlor }>if^ iron, 20. 21 
Circli 8, arcMS of, 725 
I'iiciiliir pliile ca.-,tiii;r.s, G3, 64 
Cue jienlii i)roce.'8, 051 
Clay, rei'iMciory, 205 221, 225 
action of colvc in, 215 
as,sayinfj ol, 213, 214 
contiafti'in of, 217 
cr.ick indication.',, 215 
crucibles of, 225-232 
drying: an<l li'iiipeiini' of, 216 
excess ot .silica in, 213 
exjiansioii of, 217 
for tiie-liiicli, 211 
fur Imni, 201, 205 
I'eiieial eiiar.icterislics of, 212 
^rapiiitt in, 215 
iron in, 213 
ijiH^ui six in, 213 
water and, 203 
(Charcoal, wood, 76-70 
(Ociiners, nioiiMers’ tools, 318, 310 
Cleaning and dre.ssing custingi}, 672- 
600 

emery stones for, 677-681 
gnmliii}' uiacbiiios foi, 675-677 
piieiiniiitic cliipjjin^ haiiiincr, 683- 
685 

revol\inf; barrels for, 682, 680 
Bisud blast aiiparatiiH. 686-688 

steel brushes lor, 677 
with tiles, 674 
Clearance in nioulds, 271 
Cleveland pit? iroii, analysis of, 13, 20 
(.3oi.-^oiinc work in bronze, 6.53 
Clo.se-;'raiiied ca.stin»s, 51, 52 
(.'liitcli hooks, 615, 616 
Coal, 77--86 

analysis of, 76 
anthracite, 77 
ash in, 77 
bituminous, 77 
caking', 77 

ealorilic power of, 73, 77 
carlion in, 77, 76 
clear l)iiiniii<;, 73, 77 
cokiug of, 77, 78, 86 


Coal 

coiiihiistion of, 73. 185 
coinpieshive rchi.-.taiu.'e of, 77 
cosi of, 600, 7t)0 
decre(iitati()ii of, 77 
distillation products of, 82 
dust, 308, 301 

for reverberatory furnaces, 171-173 
hardness, iin)X)rtaiice nf. 77 
incasiives, ."anil liom, i(i3 
iiioistiire in, 77 
piimary ijuality of, 76 
Scotch,qualities of, 85, 86, 87 
sulphur in, 76 

vnluiile matter in, 77, 81, 8.5, 86 
Wcl-h. qualities ot, 7b 
Ciiileil tiiyei't s, 138 
Coke, 77-85 

advautiij;;c’S of. 78, 85 
anal\ SIS of. 86, 87 
ash in, 86-88 
breeze from, 82, 143 
bi e-prodiiets from coking process, 
‘83 

eoliimnar struelure of. 82, 87 
from gas works, 87, 88 
combustible percentage in, 86, 87 
coiisumptiun of, in a ciqiohi, 100, 
155 

handling of, 82, 142 
hardness of, 83 
highest quality, 87 
niaiinfacturc otV 70-85 
moisture in, 78, 86-88 
jiereentanc of, fioni coal, 8.5 
physical jirnperties, 82, 85 
stieiigtli under erushing, 8.'{ 

Cold blast pig iron, 13, 45, 40 
analysis of, 13 

niixtiires with, addition of, 40 
strength of, 45 J 
Columns, moulding of, 370 372 
Cond>u.-tion, 60 

complete, 73-75 
tliftbreiit forms of, 71 
heat developed by, 73, 75 
heat wasted, 85 
in a ciijiola, 123 

maximum temperatures produced 
by, 186, 100 
}>artiiil, 73-75 
jiroducts of, (iO, 75, 123 
quantity of air required for, 75 
late of, 6'.h 7(1 

resultant tempera tin es, 70,186,100 
under pTessnr<‘, 181-185 
wiight of pi od nets of, 7.5 
Consumption of fuel fur smelting, 72 
in a cupola, 160, 155 
Cooling castings, 60, 67 

elleets of, 60, 63-4J8,505-523 



742 


FOIAIIXO AND CASTING. 


Cope (.f !i 111 ' nlil, H8,12(i, 42'J 
(.Jt)]'!) r lor bioiizc, ;{4l) 
in iioii, I'fffctB of, 22 
rods, wcisht of, 725 
luyerew, 128, 139 
Cotitniclioo, cffcotH of, ,120-.T31 
frood )iii of. 321. 323, 331 
JIodni.Lii ])liiii, 323 32H 
in oa&lin::; platr-e, 321. 325 
ill lint diHcB, 329 
iu iDonldiii^' l>oxi-s, 32.'), 32G 
ill jiiiUoy caHtiiip:H, 820-322 
ill .splioncid hlicliti, 328 
in wliei-l o-iiHliiiKa, 275, 273, 323 
thicknoBH voriiitioiiH, cilVot of, 320 
Coru-lMiXfs for Btuaiii cylmdor parts, 
420 421 

ior wliorl nrniB, 488, 489, 503 
Core priiils, 372 

for bcllfl, 007, 008 
for liriiHB, 291, 03.5, G3G 
f'>r line ait work, 050-G57 
ior btiitiioH, 054-057 
Cures, eoMHiriietion of, 331-336 

i))ir tresi-els for niiikin^ loam, 347 
biir.s for stiungtbcnitig, 343, 314, 
40.5 

bent eoro-iron>i for, 331 
buoyancy of. 3.53-302 
eal'-nliition for upward tendency 
of, 3,50-358 

c'on.'ti ui-ti'iiial details of sand, 338 
lifting ri ds fo;(, 335 
ilclecttive cort's, 344 
for liydranlii: cjlindors, 3.59-362 
materiiils of construction, 291, 292, 
331-330 

of loam, 313-348 
nl itivo Inioyanc.y of, 355 
scMting of. for hydraulic oyliuders, 
3.5J», 3q3 

S[iecial gratings for, 334-335 
epccilio gravity of, 355 
htraiglit cores, iron.s for, 332, 333 
submerged, 3.53, :»02 
Bweejnng boards for, 347,415, 41G, 
420, 421 

unbalanced nrCiis, 8.5C-300 
upward teinleiicy of. 350-302 
ventiint'oii of gi*eeu sand, 338-343, 
402, i07 

Cornisb cimibles, 22(! 

Cost of miiiiagciiicnt, 707, 708 

of moiililiiig ami casting, 098-708 
of pattern making, 70S 710 
of suinlry ehtirges, 707, 708 
lato.s per cent, for buildings, &c, 
705-7<»7 

CotloR-r ipe (hiving geir, 58G-002 
Cowper’s cbill-custiog process, 509 
Cruue ladles, 5t»9-57U 


t;run(‘s used in foundry practice,577-01(i 
clubtli for eliain, 015 
cotton ropi- driven, .586 
double hook for, 013-014 
diiving gear for, .580, 002 
eflicieiicy of, <513 
electric iravelling, 000-013 

— motor )i)ceds for, 008 
general ariangi'inent of threo 

motor electric, 000 
guides for roj»e gear in. 000-001 
liainl-iiowcr, 53.1, 577-579 
liydraulic jjower, 581 
old form of timber framing, ;579 
overhead travelling, 583-587 
rope s}ieed for, 5!tjt 
S(|iiare shaft, driving gear for, 
starting gear tor, 503, ;595, 5J7 
slo im power and stejl framnig, 580 
steel wile rope drive fur. <it)2-0nii 
sw'ilcli for ojieiating tliiee mutur 
ell ctric, 011-013 
travi lling jib, 5i)5-G02 
tiuvelling speed for, 610 
wall, fixings for, 577 
Crucible, cabt-stcol, 017-026 
furnaces for, ii20-02(; 

— old form of, for. (!21 

— with Siemens’ regenerators, 025 
Crucibles, 210, 225-232, 022 

lleiliii, 220 
composition of, 226 
Cortiisli. 228 
French, 228 
Hcbsiaii, 228 
London, 228 

moulding macliino for, 230-232 
Musi id’s, 220 
origin ot the name, 225 
platinum, 228 
plnmliagi), 220, 227 
Sllelludd, 220 

steel melting, 220-229, 020-025 
testing, 227 
tongs for, 018 ' 
various dimeiisiuns oi', 228 
vtirious forms of, 228, 22!) 
Cri'stallisatioii in castings, 58 08 
consideration of, in designing, 
.58- 08 

defects due to, (!3, 04-68 
ell'ects of air-cooling un, 57 
effect of water-cooling on, 07-08 
formation of in cylinder eastings, 
04-07 

formation of, in ll.it plates, l 3, 
04-08 

remedies against the bad clTects 
of, 0.5, Go 

Crystals, group of iron, 59 
arraugeiiient of, 01-08 
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C'rystsils (rout!II tied) 

tiioU-fiilur of. 5!) 

i:it<' of cool 111 }', (>li(!cts on, <51-U3 
sliape of iron, f)!! 

Cupolii fi#iiaces, IOI-J'19,1(53 

iiir (ligtiiliiitioii viilve, 115, 141 
nil vnlvo, 115 

air I'XCCBs in, H5'J 
iiir pmsBiiic for, 117 
Afiicricau tlrop-iloor, 112-12G, 133, 
ni-N4 

liliiht iiiilin, size of, ] 1.5 
ciijiacily for metal, 145 
ct'iilre lilast, 1552-135 
cliar}^iii}; of, 117-121, 142-14(5 
cliaruimr ilooi. 111, 112,219, 220 
cliiii},'ir}:^ liliitfeim, 11(5, 142, 1155 
coal tlu't injection into, HO 
coiii'iiistion, rate of, in, 117-123 
conip.ir.itiNc cflioicncieB of, 120 
consti netiomil details of, 111 

(■( intinuoiis workiiijr, 112-110 
Doherty ])roccbs, 135, 155G 
dro}) door iirraii<'i'tiient8 for, 112, 
12(5, 131, 15555 

-detailB of, 112-111 

fuel ellicioncy trials, 122-124 
l^i'iierally, 130-1558 
(Iri'iner and Erpfs’, tuyers for, 
122-125 

heiirtli. dunensioiiB of, 118 
Ileaton’b, 112 

Herlieitz’ sti-ain jet, 120. 1510 
hot hhibt for, 117, 118, 2553 
livdrinlic lift for cliar^'ing iiia- 
tiTials, 1 155, (505 
ideal lorni of, 151) 

Ireland’s, 107, I(l8 
Kn}rer’s, 102-105 
]i}!;litin}if lip and starting of, 119, 
120, 1 11 

lining of. 121, 122, 147, 148 
Hlaclvenzie'H. 10.5 

nianuiil laliour iciiuirid for charg- 
* iug, 1IG 

molting, proiriessi\o stages in, 120 
old I'ectangnl.ir, 101 
ordinary duplicalo set. 114-125 
1 ‘ 1 'igs for tapping holes, composi¬ 
tion of, 2!)7 
porlahle, 1155, 114 
pn caiitioii'^ with drop doors, 12G 
])rodui-ls of comhnstioii in, 1255 
jiroper 8ha[K>ofliniiig,l 12,1 IS, 117 
raking out or emphiiig of, IIG, 
112 

rale of melling iron in, 118 
repiiirimr, lining, I 12 
wjalfolding or choking of ii, 118, 
120,127,110 

size of blow el s for, 11.5-127 


(.'upoln fiimaces (rontimifd) 

blag produced, cemposiiion of, 
150-1.52 

— formation of. 151 
Stewart’s rapid torm of, 125 120 
lapping of, 145 

theoretieiil consideration regard¬ 
ing, 155 102 

-comhnstioii in, 155 

-flit 1 iei|iiired, l()5S 

-losses iinavoidahle, |58 1G2 

tuyeres, area lor, 115, 155s, I in 
Yoibin’s, 112 

wear and tear of lining, 117, 122 
117, 1.555 

\Vliiting, form of, 1550-1552 
Woodward’s si earn jet, lOO-lJO 
zone of fusion in, 122, 127 
Cycloidn! curves, 4ii5 

con-tiuctii'ii of. 1(58, 4(59 
path of ( ontaet hy eveloidal teeth, 
l(;!»-172 

radial lliriist duo to eveloidal 
teeth, 471-473 

rolling circle for producing, 4(57 
teeth for w'heids. 4G4 1755 
Cylinder c.istiiigi of, (555 (57 

iron mixtures for inarinc, IH, 10 
moulding of steam, I20-42G 
shriiikago stnains in, 5527, 328 


Dalton’s experiments wdtli dry air, 
.541 

Daniell’s pyromt'ter. 195. lOG 
Deal wood for pattern;., 2t5G 
Defects in eubtings, lilliug up, 5559, 
.540 

Designing eaistings, .5S-G8 
Dinas brick, 207, 208 

hiiiding material fm*, 207 
com[)ositiou of, 207^ 
heat, conductivity of, 207 
wearing rate of, 207 
Dished cast-iron utensils, 5581 
Uoild’s case hanlening fiiniacc, 530, 
.5551 

charging alterniiti ly, 5551 
dimensions of, 5550. 5551 
geiiend arrangement of, ,5550, 5551 
time renuired by, 531 
Dohi'rty’s ciijiohi system, 1555, 1.3G 
ellects on iron bv, 135 
cllioiency of, 135 
reaction on iron hy, 1.55 
Donlile shrinkage, 278 
D.iwiiie’s moulding machine, 441-443 
Drag box part in iiioulding, 5513 
Dnssing ami cleaning castings, G72- 
(590 

brass eastings, 05555 
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n.rxDiNri and cast ino. 


UicsHiiig (cdiitinnid) 

eiiic-ry btuDu composition for, G77- 
G81 

griniiinf]' raachiiies for, G75-677 
pncuinatio appliauccti for, 68-- 
GGO 

pneumatic chipping hammer for, 
GiS 2 -G.Si) 

removal of Baml. G72 

taiiil blast a])|)!ir!itiis, G56-6h0 

-ami n vohing barrel, 528, 

G88-(i!>(> 

stec'l bruaheH foi-. (577 
I)ry Niii'l mixtftres, 21)2-291 
cost of, 701-7<)G 

tliyoig.iilleeta of, in foiiudiy bloves, 
512 

Ihv Huml iiionldiiig, 4(i8-lil 
hliu King of, 298 

eiiKtings j)r«tnmM!il frrmi, 410, 111 
extra hamlling requiied, 410 
tune for drjiug, lol) 

‘'tiviigih of mould pnxluecd, 411 
1)1} nil pucesB foi ilrjing, 511, 512 
Diilloii’s exjierinieiils with, 511 
heating by rcgciieialive Kjsiem, 
552 

water held in i-nspeiisinn by, 512 
Drying stove in foiimliy, 541-5G0, GoU 
earriugtis for, 515 

coml^u^tioIl of gaseous fuel in, 
554 500 

giiscous hid for, 554-5GI) 
bent eurreiits, direetioii of, in, 546 
ordinaiy t\pe of, 514 
])oi table dry air type of, 549-551 
Dull metal, G7 


KecKNTiticiTY of fans, 243 
Kh eliie, travelling cranes, G00-G13 
mechaniciu ellicieucy of, 013 
inetnllic switches for operating, 
011-013 

single motor svslem for, 607 
spei'ds of diilereut operations, 
GIO 

threi- motor system for. G07-G13 
ocliical pyrometer, Siemens’, 202- 
201 

n'bisluiu'c of conductors, 202 
mcry wdnndb. 077 081 
compoMtion of, <i77-078 
conditions, best working of, G79, 
080 

grinding maebincs with, 075-G77 
sjiecd for grinding, 079 
Kiicrgy of in.itter, 70, 71 
Kpicycloidid curve', 405, 400, 173 
ini'lbod ot diMwing out, 4(!5, 460 
spur teeth lo:med trom, i(>l -473 


Expanding jnciils, 717 
Expaunioii ot cast iron, 2G, 27, 513, 
734 

Keep’s experiments on the, 25-31 
West’a experiments on« the, 20, 
27 


Face lathes for pattern making, 280, 
281 , 
Facing sand for grccu-sand moulds, 
289 

composition of, 290 
cost of, 701 

for bronze cnstiiig, G52 
infusible, 309 

Falnciiheit’s thcimoiriotcr. 193 
Falkiik moulding s.iinl, 287 
Falling cupida bottom, 120, 131, 183 
Ilerbertz, special foiiii ot, 130 
jtr cniitioiis with, 120 
Fan,-, 231-219 

A land’s form of, 240, 241 
coinmoii foim of, 230 
dimensions of, 214, 217 
e\})ei imental resulls irom, 245 
liigli luessiirc, special form of, 219 
Lloyii’s form of, 237 
Morin's (‘Xjierinieiits wilh, 231 
Sebidc’s form of, 238, 239 
Sluitevant’s form of, 239, 24u 
vdocily of inipdler, 242. 217 
Fans and blowers, compared results, 
202, 203 

Feeding gales, 390 
Fi'uder moulding, 384 
Fettling and dressing c.is1ingB, 072- 
090 

Files for dres'itig, G74 
Fillets, leutbor for pattern mukinv, 
282 

Filling'-upalluj's for holes in a c.isting, 
540 ' 

Fine ait bron/.c work, 050 057 
Fire-brick, 205- 224 

crushing resistance of, 221 
for cu|iola lining, 130, 137 
iron, t fteet uf in, 218, 037 
lumps, 137 

[ilivsieal i^nalilics, 220 
sizes, 224 

stiuidiird shapes, 224 
Fire clay, mixtures of, 1S7, 296, 297 
crucibles of, 216 

deleterious dl'ccts of iron in, 218, 
637 

Fire-places, bricks for, 221 
Flamu lurtiaocs, 29, 109-181 
Fliifck arid bnxes. 312-317, 019 
Flat disc, shrinkage stiaiiis on, 329 
Flat muuMiijg, 372-377 
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Fltitcher’a briisa melting fnrinice, (ill 
coiiipiirutivc result-i, 041-013 
fuel conuumcd in, 043 
i-iile^of melting in, 012,643 
Flotation of eon-s, et<*., 310, 407, 411 
Fluidity of east iron, 7, 23, 51 
Fluted column, moulding of, 370-372 
Fluxes, advantages of, 150-152 
eliemieal reactions with, 151 
l!u. iT spar, composition of, 152 
htsible slag, without addition of, 
150 

lime llnx, jireeaiitions aiul elfeetH, 
153 

qnaiitity of llnxes used, 153 
ipiaiitity of slag piodue-al, 150 
used, in cupola piiictice, 150-155, 
731-7.32 

Fonderie a Calebnase. 101-108 
I'm it-pounds of work tlone, 70-72 
li'diindations for hloweis, 201 
for cnjiola, 114, 115, 141 
foi emery giinding iiMchinos. 079 
Foundi ies, early examples of, 3, 091- 
OiMt 

aimi'iiling room, (>93, 091 
ajij'liaueLB in, 577, 507-570, 011- 
010 

brass ending for, 032-610 
cleaning ami dressing-ioom, 690 
core o\enh, jiosition of, (i93 
eiiiiif airaiigemeiits in, 577-010 
enpol.is, position of in, 092 
lloor jilates for, 092 
general iiirangi iia nl.s of, 091 090 
johhing iounJry, OOl-tlOO 
manue woik, eastings for, 096 
pit arrangements in, 501-500 
proper situatinn for a, 50:5, 091 
railwii}i wlieid fonndiy, 0i)I-091 
railway wheel testing in, 094 
ventilation of, 0'.t2 
Foundry, airangemeniM of, 091 -09G 
Foirtidiy cranes, 577-0U» 

cotton rope, geared, 584-580 
eh-etrie power eianes, 0fKl-(il3 
hand-power, .533, 577-.579 
hydraulic power, 081 
metiiilic switches lor operding 
three niolor i leelrie, 011-(il3 
sipiare shnl’t geand, 581-580 
steam power, 5M) 
steel wire rope, geared, 602-000 
three motor electric crane, 606- 
013 

Foimdiy iron, 5, 16, 1-57 
composition of, J2-J5, 24 
direct easting from blast furnace, 
ell’eets of, 57 

each chiucnt, lu s(‘])urato clfecl of, 
41, 12 


Foundry iron (continued) 

ferro-silicon.ellect of in, 24-54 
Keep’s experiments on, 24-20, 25, 
28- 30 

mixtures of, 47-52 
reinelting eft'eet of, .52-.56 
atrongtli of, 32-17 
Buliilmr in, ellect of, 12-15, 19 
27-170 

West’s experiments on, 20-28 
French moulding sands, 287 
hronzes, 051 
enieihlos, 228 
Fuel, 09-98 

carbon, imrc, as, 73 
caloritic value by combustion of, 
1.55 

conibiistioii of, 71 
— in a cupola, 123 
composition ot, 1.55 
coiisuniptioii of coke in a cupola, 

128, 155, 150 

description or deliiiitiou of, (/J 
for drying stoics, 511-500 
for liieitiiig brass, 038 
tor reverbeialory furnace, 171, 172 
gaseous, 88 92 

— of. 8!)-91 

heat lost per pouud ot fml, 150 

-in smelting, 71, 72 

incomplete comlmstioii of. J.50 
{irodiicts of comliiistion, 123 

— heat carried oil’ by [irudncts of 

combustion, 150 

thcnretieal cstiiint^ of quantity 
required in a cupola, 103 
weight of jiroducts of eondmstion. 
150 

Furnaces, air or reverheiiitor\, 1(!9- 
J <s5 

higli }ir(',ssure, ]82']II83 
Furnaces for melting brass, bronze, &c., 
038-011) 

Bickford’s oil crucible. 618-045 
excessive waste in, 179 
Fletcher’s crucible. Oil 
oil fuel used in, 043-047 
ordinary tyjio for erueihlca, 038- 
040 

rate of melting in, 641-017 
relative quantities of fuel iistd in, 
for, 011-017 

Ih'se’s oil furnace for ciucdde. 010- 

01-7 

Hose’s oil revcrboiatory, 010-017 
Furnaces for n melting iion, 99-119 
ela-bilication ol. 99-100 
crucible. 03>.S-0lO 
oiqiola, loo. 101-119. 103 
r<'\eibcrnti‘rv or ll.imc, 100, 109- 
183, 027-031 
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Fuiiincesforrumeltiiigiron (tumthiued) 
regcncrrttive gns criwi- 
ble, 100, Oai-Oiiy 

Thwaitc’H n'gc'iicrntivc Btct-l rt'vcr* 
beratory, G27-()*.U 
I’ubioii zone in a cupula, 122-127 


(lANisTKi^ 208, 408 

binding nmterialB use<i for, 208 
composition of, 20H 
ff>r cupola Ibiing repairs, 208 
(3 as producer, 80 

cunlrt‘ air blast in, 05 
coal, consumption of. in, 98 
coal, quality of, used in, 89 
Dawson’s patent, 05 
gas jtroduction, rate of, in a, 98 
injodion of air and steam into, 
00,01,05 

intensity of combustion in, 91 
wear and tear in, 01 
working details regarding, 97, 98 
(iasoons fuel, 88-01,08 

advanIngc'B of, in practice, 94 
air injection only, effect of, 00 
calorilic valuo of, in relation to 
coal, 0.'?, 94 

coal, quality and quantity of, used 
for, S'.>, 08 

combustible, pcicmtage of, in pro¬ 
ducer gas, 01 

combustion of, in foundry stoves, 
.5.‘)l-5(;() 

composition of, from a producer, 
00-02 

Dawson’s patent producer for, 95 

fiom coal, 89, 90 

from coke, 89. 00 

beat lost ill distribution of, 00 

livilrogeii i#cBciit in, effect of, 90, 

‘oi 

intensity by combustion of, 01 
iiilrogi'ii present in, effect of, !)0 
paitial corabustioii of, in pro¬ 
ducer, 00 

jiroilucers for. 80, 0,5 
prodiiclioii of, SS-OI, 07, 98 
rate of production of, 08 
regenerative system, importance 
of, SS 

separate prodtierrs for. 89 
steam iiijcclioii m iiroductioii of, 
01,02 

steam, limits to the use of in pro- 
thiol ion of, j>2 

teiiquMatures pioiluced by com¬ 
bustion ot, 0.‘{ 

total beat developed by auiibus- 
tion of, Ot 
water gas, 02 


Gates for easting, 375, 381, 387-391 
427. 420 

cross section of, 388, 527 
fcfdiug, 3!>0 , 

formation of, 433 
size of, 388-380 
Gnunllett’s jiyromeler, 195,196 
German silver, 719 
Germany, sands used in, 287 
Glue ovens, 278, 279 

patU’-rii makers, 271, 278, 279 
Gold in iron, 22 

projierties of, 726 
Granular cast iron, 5 
Graphite, 7, 17, l‘>, 29. 42, 728 
Grate, moulding of, 373-276 
Green-sand moulding, 331-343, 318- 
361, 3(;2-408 
blacking of, 297 

castings produced from, 410-4)1 
cost of castings mado in, 701, 701, 
706 

dampness of mould, 35)1 
heavy castings from, 303-40S 
mixture of sand for, 285, 200 
uiiovcti ramming, results of, in, 35*1 
Grey cast iron, 5, 6, 15 
GrajihiUi, 7, 5), 16, .108 

maximum jierceiitngc prescut in 
cast iron. 16 

Gold, effect of, in iron, 22 
Greiner and Kipl's’ cupolas, arrange- 
. nient of tuyeres for, 122 

composition of products of eonibus- 
tioii in, 123 

Grinding loam, 201, 30.5, 30(! 

Giiuding machines for fettling, 671- 
675 

emery wheel used in, 677-681 
safety precautions in, when using, 
6S() 

universal surface, 677 
Gun nietiil, 716 

charging process when melting, 
178,170 

reverbemtory furnace for melting, 
178-180 

tiiycies of, 138, 130 
Guns, ciibt-iion, Gl-tJO, !127 
Gutters, slruius in, 330 


II/EMATiTE for malleable eastings, 526 
Hand crane, 577, 578 
Hurd brass, 714, 715 
Head or metal runner, 424 
formation of, ■125) 
making up, details of, 420 
Hearth of ciqinlas, dimuiisioiis of, 118 
fin brick for, 221 
Hee undur “C,” Cupolas 
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Ilent, 70 

ciipucity for, of difVcr ut iiu 7^ 
eoiivoi iiljil (y of, 7o 
, dcvi loiMJil by ooinbustioii of carbon, 
7 :j* 

dynamical tlieory of, 70 
latent, 157 

loss in cupola practice unavoid¬ 
able, 158 

itiaximuiu tcmi)oraturc8, 180-100 
iiieiiniivcs of, 18()-20+ 
niceliuiiLcal equivalent of, 70-71 
inciting tciujicmturcy of metals, 
101 

sensible, 70, 157 
speeiiie, 7:i, 101,707 
total, required to melt pig iiY)n, 
J57, 158 
unit of, 71 

wasti! ot, in smelting process, 72 
Heat lost iT) cupola jmicticso, 158-103 
abstract table of losses, 102 
available for melting in u cupola, 
10:1 

can icd awav in the slag, Kil 
due to water ill tliu fuel (coke-), 100, 
101 

probable inaxitimiu efticicncy of, 
ill a ciqiola, 103 

radiation in every ilirection, 1(51 
sensible, in pioducts of coinbns- 
lion. 158 

Ilealon’s eiqiola, 112 
Heavy easting fuel required, U.l, MO 
gieeii-saud moulding, 303-408 
llclieal tontlied gi'iir, 470, 48b 
single and form of, 470, 480 
devcdojiment of suriuees of, 470, 
480 

dniibli*, 480 
single, JSil 

ITessian ciucibles, 228 
lligli jiresHiire blower, 250-253 
Hif^i ]»ressure nwerboratory fuinaees, 
182-185 

High pressure fan, 249 
Hinbofi cast steel, 017 
Hodgkiiisoirs experiments on east-iron, 
37-11 

lloi->t, fomidi;>% 108, 143, 004, tiOo 
Jfiib's ill eastings, sti»p[Mng of, .540, 717 
Hollow ea^ting^, st.riiiU'i in, 328, 320 
moulding ot, 370, 380 
Hot blast for ciqiolas, 147,148 
Howard’s foundry, 091, 005 
Humidity of sand required for mould¬ 
ing, 391 

Hvdraiilie. erunc, 581 
lilt, 108, M3 

Hydraulic oyliiider, casting of, 04-07, 
350-302 


Hydraulic cylinder (coviimnij) 
moulding of, 3ii0-3i)2 
main core, setting of. r>00-302 
piessuie of metal when easting, 
350 


Hydrogen in coal, 70 

ellee.t of, ill gaseous fuel, 02 
in water, 00 


Indian cast steel, 017 
Involute curve, 405 

jiatli of contact by, 475, 470 
radial thrust duo to, 475, 470 
teeth for wheel gearing, 473-176 
Irelaiiil, niouMiiig sands in, 287, 288 
Ireland’s cupola, 107, 108 
Iron, air injection, influence of in, 2 
alloys, 21, 22 

boxes or flasks, 312-317, 377, 370, 
010 

carbide of. 3 

carbon, effects of in. 12-10 
dulled cast, 17, 505, 500 
eoialiiion of, in pigs. 12-15 
ciyslalliiie comiionnds, 4, 0 
crystals of, in pig.', 0. 15 
drop door for a cupola. 120, Ml 
lor chill castings, 511. 510, 520 
effect of sea water on, 2 
effects of iMoling east, 17 
fractures of cast, 5. 0, 9, 11 
grading of. by analysis, 11-11 
giunnl.ir pig, 7 
hardness of east, 4 
ill iiie-eliiy. eflbets of, 218, (i:’>7 
liquid qualities of cast. 2 
mallealde, effects on by adding 
oilier eleiiieiil.s sejtai’aU Jy, 41, 42 
mallenbk' east, 52^^-529 
malleable qualities of, 12-15 
mottled pigs, 5 
ores, 2 

oxide, 1.54, 155, 218 
properties of No. 1,2,3, 4, or foun¬ 
dry guides pigs, 0-9.10 
pig.s for loiiiulry purjioses, 5, 10, 
1-57 

— Si‘,e under “ F,” Foundry Iron 
proiluctkm of by Cntalaii jiroces.', 
1,2 

puddling process for production 
of, 2 

silicon and, 18, 25. 54 
specific heat of, 191, 727 
steely qualities of, 1 
snrliice iiidiiMtioii wlien liquid or 
molten, 10 

teiiiperatiire for casting, 515 
Vaualioiis lu qnalily produced, 3,4 
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Iron rontinued) 

Weaver’s paste, effect of, on, 9 
wliite 5, 6 

Iron cast in cniill moulds, 5^4 
chill wheels made of, 506 
compressibility of, 38-47 
depth of chill produced, 511 
effects produced on, 505. 506 
examples of, 532-535, 538 
influence of mass or thiekucss, 54, 
514, 572 

manganiferouB, 51 
metal suitable for, 519, 520 
pri'parntion of mould for, 515 
specific gravity, vuriullon in, due 
to, 500 


jA(3Ki'rr for a cupola, 148 
Jet ot slearn cupolas operated by, 109- 
112 129 130 

Jib cranes! 577^582, 595-002 
Jobson’s mouldiim process, 382-387,440 
' luiichiiio for moulding, 443-447 
Journal boxes, alloy fur, 716 


KAOtJN for moulds, 435 
Keep’s experiments on iron, 25-29, 
43 

expansion of iron deduced from, 
28, 29 

silicon and strength of iron de¬ 
duced trom, 43 

K»tllp, moulding process for, 379-382 
Kinetic energy, 70 
Ivrigcr’s cupola, 10.3, 104 
Krupp’s crucible, 227 


Ladles, in foundry practice. 567-576 
carriages fur csriyiiig, 575 
for 2 to 10 owts., 568, 569 
hand or binall sizes, 568 
refractory inside lining for, 573, 
.574 

skimming automatic arrangement 
for f)7U 

— by bund, 576 

— amnniit of eollcotod from, 1.53 
siH'cial forms of, for bkimming, 570 

571 

-details of cmi'.trnction, 573 

-dibcharging iirocess of, 576 

-for 811*01 founders, 671 

standard dimciibioiis of, ,567 
tipping gears for, 569-571 
Laidliiw’s blower, 260-262 

cro,ss bcctiou of interior, 261 
liigli etlicicncy of, 260 
pubitixe .ictioij ul, 262 


Large cast ings, gatiioriiig metal for, 
118, 140, H5 

1 .atho bed, moulding of, 401, 402 
Lathes for jiattem making, 280, 281 
Leather filleting for patterns, i82 
Leomore firebrick, 220 
Level bed of sand, 330-338, 39.5, 434 
construction of, 336-338 
for open sand castings, 336-338 
spirit level, use of for, 336 ' 

Lifting rods for drawing patterns, 283, 
284 

Lifts for charging cupolas, 108, 143, 
095 

hydraulic, 108 
Tjight, sensation of, 70 
Lime flux, 128, J51 
Lime in fire-clay, 207. 208 
Limestone rock, 151, 210 

chemical changes produced in 
cupola practice, 151 
loss of weight by its reduction in 
a cupola, 153 

quantity of, used for cupola flux, 
1.53 

Inning for cupolas, 121,122, 147, 148 
Lining ni(‘tal fur axle boxes, 717 
Lining refractory lor foundry Indlos, 
667, .573, .574 
Lloyd’s fan, 237 
Lloyd’s tuyeres, 139 
Louin mixtures, 293-296 
black, finality of, 2!J5 
clay water for, 293 
composition of, 293, 295, 206 
cost of, 702-706 
first coat or roughing, 295, 417 
for cupola tapping hole plug, 297 
grinding and mixing inuchiues for, 
300-306 

ingredients added to, 294, 295 
material for, 413, 414 
mateiials nbjoctioinble, 294 
mill or grintJing machines for,390- 
3(16 

porosity of, 413 
second coat or finishing, 295 
spe(.'iai mixtures of, 296 
strength of, 413 
Loam moulding, 412-433 
blacking surfaces of, 298 
brick work, details ot; 417, 419, 
427 

building rings an*J plate for, 432 
cost of, 702-706 
details in, 413 
first stage, 417 

large sugar pan, raw process of, 
415 

marine cylinder casting by, 412 
mixtures of loam fur, 293-296 
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I.ionra iimuldinfr (anntimied) 

lliickiieati in, 417, 418,432, 
433 

rawrainc up pit before on si in}?, 
details of process, 419, 429, 430 
special exaiuplcs of, 430-433 
Bweppinir boards for, 347,410,430- 
433 490 

«-used for ovals, 420, 430, 431 

ventilation of niouldh, 413, 419 
IjOikIoti erueihle.s, 228 
s.iiids, 287 

1.limps, tire <dny, for a cupola, 137 
Lutes, 732, 733 


Maoiitne framing, burning on, 539, 
540 

Mackenzie cupola, 105 
Magnesia, caleining of, 210 
iu sand, 280 

refriictiiry materials from carbonate 
of, 210 

Mahogany for patterns. 200, 207 
Main air su]>|ily to eiipola, 140, 243 
M.iia’s pyrometer, 201, 202 
MalleaOlc east iron proces--for, 524-529 
annealing proei ssfor, 520, 528,529 
eoniractions (»f, 527, 528 
detads of process, 524—526 
early aiiplications of, 524 
ellects jirrsluced in, 524 
gates and rnniK'rs for, 521 
moulding boxes for, 527 
pig iron, quality employed for, 526 
similar proeeases, 524 
small arlndes in, .527 
Mangant>c in iron, 21. 34, 51, 52, 505 
jiereeiitagi' of in iron, 21 
Maiiganiferoijs iron. 51 
Matter, energy of, 70 
Measures of heat. 180 204 
Melted iron, (|nality of as indicated on 
• the Biirfaeo of, 10 
Melting alloys, 713 
biass, 038, (J4S 

east iion, total ln‘at required to, 
157.158 

cast iron in a cnpfda, 47-52, 101- 
149 

cost of melting iron, 098 
Cost of remeUing cast iion, 698 
effect of on east iron, 52-50 
fuel consumed, 013 
tnrnaees for, 038-017 
points of different metals, 191 
jtotsoreriieibJes, 225-232, 210, 022 
rale of, 047 

Mc-lal, babbitt’s, 7l4, 721 
for bell, 005-099, 714 
tor tyiHJ, 714, 724 


Metals (r.ttnlinued') 

Muntz, 714 
runners, 429 

statuary lironzc, 714-718 
■white, 717, 718 

crystalline formations in cast iron, 
58-68 

moulds, 433-435 
patterns, 307, 368, 451, 273 
Metals, composition of, 713, 724 
comparative weights of, 727, 731 
expansion of diffi rent, 731 
melting points of, 191, 714, 727 
mixing of, 713, 724 
specific heats of, 191, 727 
table of cldef properties of, 720- 
729, 730 

temperature, characteristic colours 
of, 191, 727 

Middlesbrough pig iron, 47 
Mill for griniling hiam, 305, 300 
Milne’s window frame, 533 

chilling effects of and treatment, 
534 

durability of the cast iron. 534 
process of manufacture, 533. 534 
Mixing alloys, 178-180, 712, 7J 4 
fifumlry iion, 47-52 
Mixing innehinery fur sand, etc. in 
foundry practice, 300-300 
compurative results produced, 301- 
300 

oseillnting riddles, 301 

-particulars of screen, 300 

-speed of, 3()t) 

pan mill for grinding, 305 

-dimensions of, 305 

-output from, 300. 306 

-weiirbt of roller.s in, 300 

revolving riddles, slow speed. 302 

-output, rat* of, 301 

-small size. 302 

— — speed of, 301 

-with continuous feed, 302 

sand disintegrator, high-speed, 303, 
304 

Mixtures of cast-iron, 47-52 
Mixtures of iron for casting, 41-52 
Modelling for brass, 033, 034 
Morgan’s crucible machine, 230 -232 
Morris SStirling process, 52 
Mottled pig imn, 5. 15 
Mould for crucibles, 229 
Moulders’ tools. 3lS-:20, 049 
Mouhls of metal, 433 135 
Moulds, drying proceis-s, 511-500, (>!t3 
of refractory material, 135 
Mnder “ 1>,” Drying Slovi ^ 
Moulding boxes and ilaoks, 312 317, 
320,049 

plates, special forai'i of, 324, 320 
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Monlilinar, cost of materials, etc., 
(;»7-712 

nvoiage rates for labour, 705, 706 
blacking, 698, 699, 706 
black sand from floor, 701-704, 
706 

coals for drying, 699, 700, 706 
current prices tiiken, 710 
dry-saml mixtures, 701, 704, 706 
facing sand for green-sand process, 
701, 704, 706 

-for drv-sand process, 702, 

704, 706 

loiim and brick structures, 702, 
704, 706 

loam for facing, 703, 704, 706 
pattern making, cost of, 708, 709 
precautions required in ca8tiiig,711 
rom(‘lting pig and scrap, 638, 706 
store keeping, 711, 712 
various cliargcs, 707 
variations in costs, 710 
Moulding, flrst principles, 362-367 

-simple examples oli 363 

axle bushes of onst iron, 376 
boxes for, 312-318 
comparison of diflerent processes, 
410 

crucibles, 229-232 
cutting pieces, use of, 369, 370 
Downio's process, 441-443 
fluted column liollow, 370-372 
fruiu shell })attt‘rnB, 367-368 

— ring shells, 36S 
grooved pulley, 365-367 
heavy grecn-siiud, 393-408 

-dry-sand process, 408-412 

-engine bod-plate, 394-401 

-lathe bed, 401. 402 

-with dry-sand cores, 402- 

40% 

hollow castings, 379-387 
hollow sphere, 363 
Johson’s process of, 382-387 
jointing of box parts, 342 
laying down lM)ards for, 308 
machines for, 440-456 
machines for crueihh's, 230-232 
octagon panelled column, 372-373 
open-Bond moulds, 336-338, 395, 
434 

pipes, short lengths of, 368-370 
plate patterns for, 43t!--440 
register grade, 373-376 
sjiccial mi'tliods for, 433-435 
steam cylinder in loam, 420-427 

— boards for sweeping uji Jiro- 

cess, 347-415 

— pits required for casting, 426- 

43!' 

— piwcns gciieriilly, 412- 433 


Moulding (continHed) 

steiiiii process, ramming up details, 
429-430 

three-legged pot, 379-381 
tools for, 318-320 
toothed wheels, 482, 457-504 

-early methods of, 482 

various forms of sand rammers 
for. 319 

with three-part box, 376-378 ‘ 
Woiiliiough’s and Dchne's system, 
447-4.50 

— pivoted plate pattern for, 419, 

450 

Moulding rriiicliines, 440-456 
Downie’s. 441-443 
Cirilziier’s, 455, 456 
Jobson’s. 382-385, 441-447 

— rate of production in, 446, 447 
ramming up with power in, 450- 

456 

— — with air pre>-H, 450-450 

— — with hydraulic press, 450- 

456 

-with steam press, 450-1.56 

sand moulding machine, the Cxlas- 
gow, 450-455 

Woolnniigli’s & Dchne’s system, 447- 
4.50 

— jiivoted plato pattern for, 449- 

45(1 

Moulding mah'rials, 285-300 
blacking. 306-308 
boxes and ilaslcs, 312-317 
coal dust, 308 
core gum, 308 

bay and straw ropes, 309-311 
miktures for loam, 293-296 
sand for, 285-288 

-cost of, 700-703 

sand fur green-sand, 288, 289 

-dry-sand process, 292-294 

sand for steel moulds, 309 
terra flake., 308 ,i 

wood wool ropes, 310, 311 
Muntz sbeathing, 714 
Mushet’s oruoibles, 226 


New red sandstone, sand &om, 206 
Newcnstlo coal, 76 
Nitrogen, in coal, 76 

absence of, in water gas, 92 
effect of, in combustion, 74 
in air, 74 

in producer gas, 92 
speciflo beat of, 72 


Oak charcoal, production of, 78, 79 
hluekiug produced from, 307 
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Ocfa^'onal pmiolli'd column, mouMing 
of, i{72-:!7:{ 

01(1 (‘U[inJ,'i, loriiis of, 101 
Open BBnd iiioulds, olW-il.Sfi, 434 
njal^in^ bed for, 330-338 
pits, 501-603 
Bpray tuyeres, 139 
Ordnance cuetings, 04-00, 327 
Or-molu, 718 

OrnaJticntal casting.s, 7, 51 
iionliiy of iron for, 7, 51 
Ovens, for annealing castings, 521, 
093, 094, 

or st/oves lor drying moulds, etc., 
541-500, 09;} 

Ovens for making coke, 79-85 
Ajipolt proeesB, 79 
bee-liive j)roccs8^79 
byo-products from, 82 
coke, percentage produced, 85 
coke produced in, (juality of, 83 
eonstruetionul details of, 84 
Coppec process, 79 
increased working temperature, 83 
Idlest forms of, 83-85 
ol>j(!ct3 to be obtaiiKid in, 8.3-8.5 
products of combustion, tempera¬ 
ture of, 85 

separate combustion chamber in, 
83 

volatile matter ]>rodiiced, 85 
waste heat, method of utilising, 85 
Overliead travelling cranes, 5.S3-013 
Oxygen, in c'lal, 70 

its iin[Hirtaiicc for uoinhustion, 74, 
90 

percentage of, in air, 74 
Bpeciiic heat of, 72 


Patkt for proteiiting pattenis, 270, 271 
Pans, large sugar, moulding of, 415,420 
Parting sand. 288 
Fat|erii8, 2GG-284 

black lead, coating for, 272 
can! of in storing. 209 
diissilication of. '‘*09 
contraction, uilowauees on, 274, 
275-277 

cost of pattern plates, 440 
fittings and appliaiu-es for, 282- 
284 

for bra-^B, 033 

for hollow castings, .379. 380 
glue, quality of, used, 271, 278, 
279 

iriiiidiines and special tools fur 
making. 279-284 
iiiebil. ‘27'2, ‘27.> . 

pattern platch. ))rep:iriiig and eon- 
struclioii of, 130 110 


Piitlerns (coiilhivi-il) 

pinto moulding, 430 110 

plate pattern.-,, making oj, 130-139 

papier-inilcbe, 272 

prepared in loam, 340 318 

preservation of, 270-273 

prints on. for holes, 372 

shell, 307-308 

shell half-ring, 308 

shellac varnish for, 271 

various materials for making, 273 

weight of castings, relative lo. 271 

272 

wheel, 209 

Pattern, various woods used for, 200, 

273 

American white, 2CG 
hecch tree, 207 
Canadian red, 200 
characterihtie quality of various 
woods, 209 
cherry tree. 207 

details, particulars of. See under 
“ \V,” Wood for Patterns 
maliogany, 207 
pitch pine, 20<! 
reuuiltiug, 098-706 
siMicitio gravity of various woods, 
273 

wbito pine, 266 
yellow pine, 200 
Pattern makers’ tools, 279-284 
glue pot, steam heated, 279 
lathes, ordinary, 289 
— for facing, 281 
leather slips for hlleting, 282 
lifting rods, 283-284 
metal dowel jiina, 2'<3 
rupfiing plates of iron, 284 
universal trimmer, 282 
Pciisetm‘al, usi* of, 370 >395 
Peat ns fuel, 173 
Petersen’s pyrometer, 194 
Pewter, 714 

Phosplior bronze tuyeres, 138 
Phospliorus in iron, 1‘2-15, 20-21 
Physit al properties of lindiriek, 220 
Piece moulding, 050,057 
Piftin blower, 2.57-2.59 
etHcicncy of, 257 
particulars, table of, 259 
section of, detailed, 258 
slip, anioimt ot, 257 
Pig iron cast in iron uionlds, 1.51 
cbilled effect of, 151 
object ol, 151 
Pig or east iron, 1-08 
Anieiiciiii, 14 

iiiialysi.s and grading of, 11, 14 
bM'akiiig iiiii'diine, 119 
eai'buii, iiilliieiiet ot, I‘2-iU 
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J’i;? nr oa(>t iron (enuiinved) 
cast ill iron nioulils, 151 
ciiuraolcrifttlc prnperticb of, 4-10 
cliibsiflr'atinn of, 3-15 
crvHtiilB in Nn, 1,15 
dt carbonizing of, effect of, 1-4 
different varieticH of, 4, 12-15 
earliest nsc of, 3 
early production of, 2 
English, 13, 47 
forgi', 5 

for foiinilrv jiiirposcB, 2-10 
for Tnallciiblo ciistiugs, 520 
fractures, illu.zlrutiuns of, 5, 0, 9, 
11 

gcnernlly, and effects on. See 
under “ 1,’’ Iron 
grey, 5 

heat reejuired to melt, 157 
iii‘tit, .sensible and latont, 157 
mottled, 5 

Nos. 1, 2, 3, 4, &C., 0-10 
not siiilablo for foundry rinrposes, 4 
plio-.plinrus, iiiffiieiicu ol^ 20, 21, 
34. 51 

Scotcli, 12, 47, 48 
siMicial brand, 11, 47-52 
snipliiir, inlliieiico of, 19. 27. 170 
silicon, infliience of, 18, 25, 54 
Tiirintions in quality, 3 
wbite, 5 

Pine, for ]Hittern8, 2G0 
Pins, dowels of metal, 203 
core, 378 
gale, 375 
Pipes, cast iron, .3 

bend ors])(!ciiils, moulding of, 430- 
43.3 

composition of mtital for organ 
pipes, 7J7, 718 
fluted, niiMiJ iing of, 370-372 
for conducung air to cupola, 190, 
191, 204 

moulding machine, 441-442 
Pits, foundry, 42C-430, 561-5U6 
digging pri'cnutions, 502 
emptying sand from, 500 
keoiiing dry by pumping, 503, 
504 

prcjiaring the sand for, 502 
raniniiiig up, di'toils of, 42!>-430 
Bnbstitiite.s for, 129, 130 
BUjipiirling tin; ndes of, 502, 503 
Plmster innulds. 382 
Plate iiiouldiiig, 430-440 
adv.iiibigcs of. 430 
patterns, production of, 396, 430, 
137,139 

prcciiidiuns as to clearance. 390 
use of, in nuniidiDg, 321, 325, 390, 
401, 132 


Plates, cast-iron lieary top and bottom, 
321, 325, 432 
construction of, 430-440 
flat, strains on, 823, 329 
pattern, 451 * 

Platform for charging cupola, 114,115, 
143 

Plumbago crucibles, 220, 227 
Piieuniatic cliippiiig liamnier, 082-085 
nir pressure for, 0S4 ‘ 

coiistructiniml details of, 082-085 
dr<!ssing of casting, operating for, 
083, 084 

Portable eiipola, 11.3 
J’oieiitial energv, 70, 71 
I’ots or crucibles, 2J0-222, 225-232 
for steel melting, 022 
furnaces fur^ielting in. 100, 020- 
020 

thrcc-loggod, moulding of, 379- 
381 

Poiiillet’s thermometer, 194 
Pouiing gates, 381-429. See under 
“ G,” Gates 

iron, 375, 433, 508, 572-574 
for loam work, 427 

Pro.'-Bure of molten metal due to depth 
of niou'd, 350 
oasling under, ."lOS, .560 
Prints for cons, 372 
I’roduoiT for making gaseous find, 89, 
95 

Bernard Dawson’s patent, 95 
Producer gas, methods of jn o. lucl ion, 88, 
89, 95 

ndvnntagcfl by using, 94 
analysis of, 92 
calorilie value of, 93 
coals, relative quantity required 
for, 98 

criinbiistion of, precautions, 98 
composition of, 90, 92 
control of combustion of, 94 
combustion, intensity of, 91 , 

hydrogen present, effect of, 90, 
91 

ligliting up, necessary precautions 
when, 97 

loss of heat by, 94 
nitrogen present, effect of, 90 
pi ecu ut ions nece.zsary, 97 
production, rate of, 98 
quality of coal used for, 96, 549, 
553, 558 

quantity of coal used, 98 
81 earn injection into producer, effect 
of, 93, 94 

temperature of, 93 

Products of comhuation in a cupola, 
123 

composition of, 123 



INDEX. 


753 


Pulley witli groove, moulding of, liGS- 
3«7 

slirinkagc etrains in, 820, 321, 822, 
323 

Piilvorisefl coal fuel, 149 
Pyrometers, 191-204 
liailcy’s, 197-199 
('arsatclli’s, 196, 197 
Daniels’, lOf), 196 
(Ttuutlutt’s, 196 
Main’s, 201,202 
Siemens’ electrical, 202-204 
Wedgwood’s, 194 
Wilson’s, 200, 201 


QrATJTZITE, 206 
(Queen’s metal, 716 


RAiiiTNos, easting on, 535 
liailway chaiis, 509-511 
chill pieces for, 510 
(•hilling process of, 509, 510 
metal most suitable for chilling, 
511 

moulding of, 509. 510 
sjiecific graviry of chill parts, 511 
Hail wav wheels, foundry for canting, 
(591-691 

ordinary moulding process, 506 
testing of, (594 

Rakino out a cupola, 116, 142 

suli.slitiite ibr, 112, 126, 131, 133, 
112-144 

Rnmiiiing blocks, hollow moulding, 
382 

Rammiug sand in moulding niachiiics, 
451 

by power, 151 
hand r.imnii rs for, 319 
ill pits, 429. 430 

-details of, 429 

Rnni^l'oltom's rope cranes. ,586—602 
Ram-<)m(»’.s emery wheels, 677, 678 
Reaumur’s thermometer, 192, 193 
Rcetiingulur cupola, KU 
Red brass, 711, 715 
Reflector metal, 717 
Refractory materials, 205-224 
etfoct of ullvalicH in, 218 
bauxite, 208 

bricks, properties of, 219, 220 
carbon and iron, effects of in, 218 
ehuractei istics generally of, 212 
Dinas biick, 207 
gailister, 208 

hydrated illuminate of iron, 206 
iioii oxide, effect of, in, 212, 218, 
219 

lime, 210, 218, 219 


Refractory materials (conD'nued) 

magnesia contained in, 206, 210, 
219 

potash, (-ffects of, 219 
rocks, 206 

— liability to crack, 206 
silica contained in, 206 
silicates of aluniinn, 206 

— of magnesia, 200 
RegeiiiTiitive furnaces, 173, 624-631 

for crucible st el, 624, 625 
for n^verhoratory furnace, 627, 62.^ 
for Thwaites’ open hearth, 627-6.‘tl 
Regciier itive heating fiw drying stoves 
5.52 

Registering thermometers, 194 
Re-heating furnace, quantity of fuel 
required, 72 

Reuieltiiig tiiinaces, 99-143 
capacity of, 145 
cln.-silieation of, 99 
cupola ordinary for, 100, 101-149, 
163 

Grenierand Erpfs’ system, 122-124 
reverber vt >rv or flame, 100, ItiO- 
183, (127-6:11 

Sec under ‘“I',” f’u|)ola Furnaces 
Stewart’s rapid niftola, 125 
Remelting i>ig or east iron, 52-56 

calculated loss of iron during, 151, 
15.5 

cost of, in onlinnrv cupola prac- 
tieo 122, 12 : 5 , 12'l, 69.S 

— with Grenierand Erpfs’system, 

122-121 

efftct on ultimate strcngUi, 52, 53 

— on deflection, 53 

— on hardness, 52, 53 
limits to, 51 

piogrcsrive stages while, 120 
rate of reduction, 

Robert Mallet s views on, 55, 56 
seaflblding of cupula when, 120- 
122 

BU(«i 8sive tests for fuel (coke) con¬ 
sumption, 122 

total lieat required for, 157,153 
unavoidable losses of heat in cupola 
practice, 108-162 

Repairing cupola lining, wear and 
tear of, 120. 122 

Reverberatory fiirnnoes, 169-184 
advantages of, 169, 170 
air supply, regulation of, 171,176 
181 

binder’s ]ilat(;s. &c., 176 
hrickwoik, joints of, 176 
cha’giiig dour, position of. 175-183 
charging and tapping. 177-181 
chief con'hieiiitioiis regarding. 170 
cliiiiiiicy iirta lequired. 173 

3 fi 
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RevccbcTfttoTy fnmaces (^mtinued) 
contitruotion, details of, 174 
curvutute and velocity, relations of, 
171 

deoxidising; flame in, 160, 170 
dimensions, &c. to melt iiS tons, 175 
escaping products, rcgiiLvtion of, 
181 

fire-bars for, 175 

fire-brick, quality of required, 174, 
181 

fuol consumption in, 178 
fuel, (pjulity re(|uired for, 170-173, 
178, J81 

fuel, rate of combustion in, 173,177 
grate area of, 170, 171,173,177 
heated currents, detlcction of pro¬ 
ducts, 171-175, 180 
high jiresBure air supjlly for, 181 
oxidation of metal, ]<rcveiition of, 
170 

oxidising llamc in, 160, 170 
preliminnry hcating-up, 177 
priiicipio of nclion, 175 
roof, curvature of, 171 
bieiiiens' regenerutivo process in, 
173 

Riddles for mixing sand, 301-304 
oscillating forms of, 3(11 
revolving, slow speed, 302 
— high speed,. 303, 304 
Rings, shrinkage strains in, 326-327 
Kivet metal, 716 
Rock sand, 287, 200-294 
Rodman’s plan lor cooling ordnance 
cylinders, 327 
Rods, weight of copper, 725 
Rollers for plate mills, 507 

casting process for, 507, 508 
chilling process for, 507, 5ii8, 518- 
523 . 

precautions at ends and ufieks, 512 
Rope cranes, 586-608 
cotton, .5S6-002 
st. el wire, 602-006 
Ropes, for core bar winding, 309-311 
hay and straw, 309 
hand spinning of, 311 
machine for spinning, 311 
rate of production of, 310 
wood wiK>l, used for, 311 
Root’s blower, 250-253 

composition of grease for, 252 
early form «>f. 251 
latest form, 252 
partieulars, table of, 253 
section of, 251 

Rose’s brass melting furnaces, 646, 647 
oil fuel, application of. 647 
rate of melting by, 647 
Bound biurs, crystallisation in, 61 


Band for moulding, 285-294 
alumina, <-fleet of, in, 2S6 
Bidfast red, 291 
core, 291, 2!)2 
dry-sand inoubls, 292 
facing, for green-sanil moulds, 289, 
290 

-dry-sand moulds, ’290, 294 

Falkirk sand, 2S7 
fine art work, 652 
for brass castings, 291 
green-sand moulds, 286-288 
London basin, 287, 2i)2 
magm-sia, effect of, in, 286 
metallic oxides, effect of, on, 286, 
288 

parting, 288 
rock, 287-291 
silica, limits h), 28G 
stnmg mixture of, 293 
Sand bedlevelling-uf( i)roeeBS, 336-338 
Sand blast apparatus, 686-69(1 

air-hwk sand-feeding arrangement 
for, 688 

air pressure for, 686 
automatic arrungoment of, 688- 
691 

cast iron, granulated, substitute for 
sand in, 687 
charging process, 687 
helmet lor oj)cratf)r, 688 
noz/,1o direxshir for, 687 
revolving barrel combined with, 
688-690 

spent sand collector, 689 
waste sand, 688 

Sand mixing macihincry, 300-306 

comparative results from, 301, .306 
oscilliiting riddles, 301 
revolving riddles, slow speed, 302 

-high speed. 303, 304 

revolving pan mill, ::()5 

-weight of mllors' for, 306 

-principal dimensions of, 

306 

-output from, 306 

Sand Moulding Macliiue Co.’s mould¬ 
ing machine, 450-455 
motive forces adopted, 450 
operating details of, 452-454 
pattern plates, making for, 454 
proportions for, table of, 454 
Sand stone, 206 

Seuffbiding in a cupola, 118, 120, 127, 
149 

bow formed, 120 
means for pn-venting, 149 
position of, 120,122 
Schiele’s fan, 238, 239 
Schttndt’s pyrometer, 194 
Scotch coal, 85, 86 
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Prntcli pip iion, 12, 47, 48 
Bcott’st wiicel moulding machine, 485- 
488 

ScRip iron, 10 

SouHuiiiflg titiibor for patterns, 269 
Sea-water, effect of, yi cast iron, 9 
Shaft slirinkage, strains on, 328 
Slieave pulley, moulding of, 365-367 
Shellichl crucibles, 226 
Shell* patterns, moulding from, 367, 
368 

Shrinkage or contraction of cast iron 
26-31 

effect on flat discs. 329 

— on cylinders, 326, 327 

— on Indlovv spheres, 328 

— on ruetangulur tubes, 330 

— on ring cuBting.>5, 326, 327 

— on lJ-slin])td gutti'rs, 330 
general laws regarding, 330, 331 
holes, due to, 391 

Keep’s experiments on, 28-30 
precaution to allow, 419, 433 
table of, for various castings, 730 
vaiiouB examples of, 320-331 
West’s exj)eiiments on. 26-28 
Bienions' regenerative furnaces, 100, 
1S2, 183, 623, 627 
electrical pyrometer, 202-204 
Silica, 2tl7 

hydrous variety, 207, 217 
iu brick, 207 
in fireclay, 208 

in moulding sand, limits to, 286 
Silicate of soda and bauxite, 2(19 
Silicin and iron, 2-18, 18, 25, 54, 728 
effect of, 53, 51 
ferriKsilieon, 24. 25 
Keep’s exjierimeiits with, 25, 26 
])er eeiit. of, in cast iron, 19 
Silver, eff'ect of, in cast iron, 22 
Silver, German, 719 
properties of, 726 
Skimviing gates, 3SS-391 
Slack as luel, 119 

Slack’s eiiierj' grinding nmebines, C74- 
676 

Slag from a cupola, 150-155 

anukUVit oj, prod need, 150-153 
breaking ii]) slag, 116 
chemical reactions in formation of, 
150, 151 

conifKiBition of, without lime flux, 
151 

composition of, with limo flux 
adde<l, 151-155 
fluor spar llnx, effect of, 1.52 
fusibility Avithout special fluxes, 
150 

lime flux, eff'ect on, 157 
lime ])ruscut iu, 151-153 


Slag from a cupola (corUhiued) 

loss of iron, as oxide of iron in, 154, 
155 

oxide of iron picsent in, 154 
resulting from the ash of the coke, 
155 

from a reverberatory furnace, 
melting brass, 180 

-process of formation in, 180 

rich in oxide of iron, 151 
Sleeker boards fl.r loam, 347-415 
Slender patterns, 305 
Slow running steel wire rope crane, 
602-60») 

Small coal, 149 
Soft blast, 231, 263,131, 132 
Softening castings, 30, 528, 529, 693, 
6i)4 

materials used for, 528, 529 
Solders, composition of various, 714 
melting points of different, 714 
Specific giavily, 273, 733, 734 
of iron, 566 
of loam cores, 355 
of Blind cores, 355 
of various constituents of cores, 
355 

of various metals, 726 
Specific heals, 72, 191, 727 
of mallenlile iron, 62 
of pig iron, 156, 157 
of sti-el, 72 

of vaiiotis mclals, 191, 727 
tabic of, at constant pressure, 27 
Speculum m..tul, 718 
Spelter, 714 

Spherical castings, strains in, 328 
Spiegeloiseu, 51 
Spirit thermometers, 194 
Spray tuyems, 139 
Sprues or channels, 380i 
Spur wheels, 161-479 
contraction of, 270 
patterns for, 457-484 
See uudir “ T,” 4'eeth of Wheels 
Square bars, erystalllsation in, 61 
Square driving shaft crane. 5S4-5S6 
Stacking laoiilding boxes, 317 
Statuary metal, 7i.'' 

Stitiie founding, 650-657 
Steam, foundry crunes driven witli, 58(? 
cylinder, moulding of, 420-427 
jot cu]iolas, 109-111, ]2!>, 130 
Steel brushes lor dressers, 677 
Steel, cast, 617-631 

Chenot process, 619 
Hindoo jinK-oss, 617 
lluii'isiuuu process, 618, 619 
Mubliot process, 619 
lieaiiniur proee^s, 618 
streiigtli and elusUcltY, 38 
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Sti fast (rdntiiiuad) 

tiiiiiicity and ductility, 729 
TliWiiilus open liciirtli process, 
027-091 

-charging of, for, 031 

-couNcrsioM proecHB in, 629- 

031 

Wontz, 017-0IS J 

filed ciisliiigs, 017-031 

cruciO i H for nioltinyr, 022 
oiirly form of cincilde melting fur¬ 
nace, 020-022 

fuel eoiisuuiptiou in m(‘lting, 022 
inelling process, 022, 023 
pots for mcliing slccl, 022 
BicincTis’ regenerative furnace for, 
023-027 

Thw litea’ regenerative furnace for, 
027-029 

-conversion process in, 029- 

031 

Steel rope driving gear for cranes, 002- 
006 

Stcireo plate casting, 722 
Slcrcotypct'inetal, 722 
Stewart’s rapid cupola, 125-129- 

ellieieuci', tests, results with a, 
12S 

important details of, 127,128 
separate receiver, details of, 12S 
Sti res, foundry, arrangement of. 091 
for eharcoal. coal dusl, blacking, 
&c., 309 

Studs, 8er(!Wed, mallcablo, 351-353 
cti,st iron, 349, 350 
failures from faulty uiraiigcinents 
of, 351-3.13 

siippoitiiig, lucthods of, 349, 350 
Slurtevaiit’s fan, 239, 210 
Stem bridge firehriek, 220 
crucibles, 3'w6 

Stoves for drying moulds, 541-500' 
liogie carriages and rails tor, 545 
ca‘'l.-iron floor plates in, 543,545 
llalton’s experiments, 541 
dry air currents, 512 
gaseous fuel, arraiigcmcnis for,553- 
559 

Lent currents, arrangemenla for, 
543 

long stoves, 543 
ordinary lorms of, 544 
piirtablc forms of, 549-551 
regenerative bjstein and forms 
of, 552 

walls and partitions, construction 
of, 543 

Stiains due to shrinkage, 26-31, 320- 
331, 419, 433 

Si-e under “ S,” iShriukage of Cast 
Iron 


Straw ropes for cores, 309-311 

burning out, when easting, 310 
hand spun, iiiakiiig of, 310 

-breast brace for, 311 

-rate of production, 310 

machine spun, autnmatie, 310, 3ll 
obj' ets of, in cores, 309 
Bubslitut(‘s for, in small cores, 310 
wood wool, substitute for, 310, 311 
Strength of cast iron, 31-.50 

forms of test bars used, 34-37 
fractures produced under compres¬ 
sion, 37 

outer ^in on metal, effect of, 30 
tenacity, ductility, and strength 
relations, 38, 729 
tensile strengtli of, 32, 33, 44-47 
testing iiiaehmoa for. 32 -33 
thickness of metal, effect of. 30 
transverse stnmgth of. 32, 44-47 
transverse and tensile, loruiulse for 
relative values of, 33 
Strong castings, cast iron for, 8, 4S- 
.50 

Sulphur, effect of, in cast iron, 4,12-15, 
19, 20. 27, 42 
in mallealilc imn. 41, 42 
l>ercen(iigc of, in cast iron, 19 
Suljihur in coal, 76 

removal of, by coking coal, 78 


Tabi.es, 725-735 

carbon, percentages of in jtig iron, 
728 

of expansion of meials. 734 
of properties of metals, 72(i 
of sbrinkages of eastings, 730 
of sjteeiflc giavities, 734 
of timber, 731 
ot values per ton, 735 
silicon, percentages of in pig iron, 
728 

weights of round and sipiare c (jiper 
rods, etc., 725-731 

Taper of cupola lining, 145 • 

Tapping a I’upula, 145 

plugs for tap hole, composition of^ 
297 

Teetli of wheels, 457-483 

angle of c.ontnct, rcbislance by con¬ 
tact, 471-473 

bevel wheels, form of, 470-479 
cogs of wood, 482 
cyi-loidal form of, 464-473 
epicycloidal term of, 401-473 
helical gearing wlieels, form of, 480 
hypoeycloidal lorin of, 404-473 
involute torm of, 473-470 
paths of ooutac.t between the, 
471-473 
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Teeth of wheels (continued) 

putterii blocks ior machine mould¬ 
ing «)f, 4‘J(), 502, 503 
piWi circle, 457-459 
proportions of, 4<JI-4S1 
rules and tables for, 458-481 
screw geai ing wheels, form of, 479 
Sitting of. 403 

#rgmental core box for forming, 
503, 504 

shape, drawing out of, 403, 4G6, 
40M-472 

worm wheels, fonn of, 481 
Temj>er, composition of, 713 
Temjicratiircs, aetua], 120, ISG 

boiling point of distilled water, 
192 

corrcHiMniding characteristic colours 
duo to, 191 

maximum theoretical cale.nlajions 
for, under various conditions, 
• ISO-190 

-abstract of, 19(1 

measuring iustrumentB for, 191, 
192-204 

molting ICC, 192 
Temiiering lire chiy, 21G 
Tensile strength of c.ist iron, 32 

furmuho for relutiun of transverse 
load to. 33 

testing maehino for, 33 
Test bars, various forma of, 34 37 

casting of, precautions necessary, 
41 

cx)in reshion, londeil for, 34, 35 
fractuies ilue to eoinpressioii, 37 
loading, eonditjons of, 14 
tensile, loaded for, 34-3G 
transverse, loaded for, 34, 35 
Testing cast or pig iron, 24-6G 

HiulgUiuson’s experiments on com- 
jtressive resistance, 37-40 
Keep’s experiniet.ls on expansion 
• and contract a n. 24-2G, 2s-3(), -13 
l*rof. Arnold’s ex|iei’iiuoiii.s witli 
various elemoats se]iaiutoly, 
41-42 

lomolting experiments, effects pro¬ 
duced by,52-OG 

8ec uTuler “ S,” Strength of Cast 
Iron 

tensile testing machine for, 33 
test liars, various foriris of, 31 -37 
truu,svcrse testing inachine f •!, 32 
West’s experiments on expansion 
and contraction, 2G-28 
Thermometers, 191-194 
air expansion, 194 
alcohol, 192 
Centigrade, 191-193 
Fahrenheit, 193 


Thi’rmometera (continued) 
liquid expaiisinii, 192 
mercury, 1!(2-194 
Keauniur, 193 
Thin castings, iron for, 7 

fuel required in cupola for, 145, 
14G 

plates, casting of, G2, G3 
Thwaites’ regenerative furnace, G27- 
G29 

Construction of, G27 
conversion of steel, jirocess in, G29- 
631 

—-progressive stages through¬ 

out process, G29-G31 
regenerative system in, G2S 
Timber, seasoning, for patterns, 2G9 
weights of, 730 
Tin for bronze, G53 

in cast iron, effect of, 22 
Titanium in tire-clay, 219 
Tools used in mourdirig, 318-320, 337, 
649 

hand trowels, various forms of, 

318 

land rammers, various forms of, 

319 

Toothed-wheel patterns, 451. 4(54 
{iiitlem blocks for teeth, 190-502 
Toughness of iron, 9, 38, 47-51 
Trapdoor for emplvmg cupola, 112, 
12G, 131, 1:53 ■ 
details of, 142-144 
preeautions in using, 126 
Travelling cranes, 50:5-613 

oottou rope dii\iug gear, 586-G02 
electric jiowcr, 60(5-613 
square shaft driving gear, 584-586 
steel rope driving gear, G02-G0G 
Tromb or waterfall blast apparatus, 
234,235 j 

Trowels used by moulders. 318 
Tubes, stiains in rectangular, 330 
Tunnel for air-blast pipes, 141 
'I'urf as fuel, 173 

Tuyeres, arrangements of, 111-11.5, 
127, 130, 131. J 38-140 
approximately eoutinuous, 131 
centre blast, 132, 136 

-details of ctuist ruction, 133 

-eflieiency of, 134, 135 

choking and (‘ause of, 118 
continuous ring opening, 130 
cooling process, 138, 13!( 
metal formed at, 138,139 
water jacketed tuyeres, 138 
zone of fusion caused by, 122-> 
127 

Type metid, 714-724 
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U-Bhappd gntten, strains in, 330 

Unit of beat, 71 

Urqnhart Lindsay’smoulding machine, 
501, 503 

general arrangement of, 501 


Vanes of fans, 243, 244 
Varnish for patterns, 270-273' 
slielloc, 271 

Velocity of fan impeller, 242, 247 
Ventilation of moulds and cores, 405, 
338-313, 410, 420 
channel formations for, 388, 330 
engine ashes used for, 330 
explosions, precautions against in, 
419 

of loam structures, 419 
of sand moulds, 402-405 
piercing of suiid cores for, 338 
wax cords for, 330 
Vices of cast iron, 535 
Voisin’s t!U[)ola, 112-114 

drop door arrangement in, 112 
sectional drawing of Fig. 43 
tuyere holes, arrangement of 'in, 
112 

zone of fusion in, 114 


WaIiL cranes, 577, 588 
illustration t)f, .578 
Waste blocks, hollow moulding, 382 
Waste of metal in cupula working, 
14(5, 149 

Water in c{hi1, 77 

cooling interior of castings with, 
(5(5 

in coke, 78, 8<5-88, 1 (50, 1 (51 

-loss of heat, fflicieucy by, 

1(50,1^1 

in firL>-bri«;ks, 211 
jiicket»‘d tuyeres, 138 
Wall Thill blast u[ipuratus, Tronib, 234, 
235 

AVax cord for com ventilation, 339 

circ-perdu i>roccss in fine art work, 
C51, (5,55 

-in melting out process, 055 

modelling of, in bronze fine urt 
work, (554, (555 

Weathering clay for loam, 294 
AV'edgwootl’s pyrometer, I'Jl 
AVeight of bells, 6(14, 670 

of rastiiigs relative to pattern, 271, 
•^ 7*4 

of cojipcr rods, round and square, 
725 

of jiliites per square foot of various 
metals, 727 

of wii-e of various luctols, 729 


Welsh coal, 76 

composition of, 76 
firebrick, 220 

West’s experiments on cast icon, 26, 
27 

Wheel gearing, teeth of, 457-463 
See under “ T,” Teeth of Wheels 
Wheel, teeth moulding machines, 482 
604 ( 

arms, special forms suitable for, 484 

-cores and coreboxes for, 488- 

491 

Bellington and Darbysbirc’s, 498 
Buckley and Taylor’s for large 
sizes, 499-501 

early conception of, 457, 483 
patterns, cost of, 498 
Scott’s ran chine for, 48.'5-493 
section of sand mould complete, 
491 

Boginental tei'th, various forms of, 
490-492, 602 

sweeping boards for sand mould 
complete, 490 

TJrquhart Lindsay’s machine, 502, 
.511.8 

Whittaker’s macliino for, 493-499 
Wheels, chilled railway, 50(5, 518-523 
annealing ovens for, 521 
average life of, 523 
contraction of, 275, 270, 323 
foundry for, 510 
ordinary moulding jirocess, 506 
pit terns, storage of, 2(59 
testing, ni(‘aris of, 522, 523, 094 
Whitney’s toundry for, 519 
Wheels ri'iccted at testing, percentage 
of, 523 

White metals, 718-720 
White pig or cast iron, 5, 6 
fracture of, .5 

Whitney’s chilled mil way wheel foun- 
diy, 519 

capiu'ity for lurnitig out, 523 ‘ 

di tailed description of, Ollt 
iron mixtures used for, 519, 520 
Wliittakor’s toothed wheel moulding 
luucliitie, 493—499 
dividing gear, arrangement of, 496, 
497 

genonil amingcmcnt of, 493-495 
■ moulding boxes required for, 495 
range of diiiinctcrs suitable, 499 
sleeker or striekling boards for, 
495, 49(5 

Willis’s })roi*eller, copper siicatbed, 536, 
537 

process for burning on, 537 
AA’^ilsou’s pyiometer, 200, 201 
AVindow liaines, Moliic's process of 
casting on, 532, 533 
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Wiro, steel rope for power crane gearing, 
602-606 

of various metals, weight and 
thicktiess of, 729 
Wojd MB fuel, 99 

charcoal produced from, 78, 79 
Wood, different kinds of, for pattern 
making, otc., 266-279 
American white, 266 
4K*«oh, 267 
Canadian red, 266 
desiccating or drying of, 268 
mahogany, 2(57 
oak, 270 
jtitch pine, 266 
red cedar, 270 
seasoning of, 269 

Bi)cciflo gravity of the different 
kinds of, 273 
teak, 267 

weight of the different kinds of, 
730 


Wood {emtinued) 
white pine, 266 
yellow pine, 266 

Wooden boxes or flasks, 313, 649 
c/)gB for gear wheels, 482 
Woodward’s oofiola, stoiini-jet, 109-112 
charging doors in, urrungoment of 
Figs., 41, 42 

precautions while in operation, 
* 112 

Woolnough and Delme's moulding 
machine, 448-450 
Wootz, cast steel, 617, 618 
W^orkiiig and management of cupolas, 
11(5-12.5, 136-149 
of reverberatory furnaces, 169- 
184 

Worm wheels, shape of teeth for, 481 


Yellow brags, composition of, 714, 715 
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